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PART  THE  FIRST. 

Wanneerje  fchoone  dingen  fiet, 

Vergaept  u aen  het  fchepfel  niet  ; 

Oock  wilt  daer  op  niet  blyven  ftaen, 

Maer  laet  uw'  finnen  verder  gaen  ? 

Ey  klimt  ! o lieve,  klimt  om  hoog. 

En  metten  geeft,  en  mettet  oog ; 

En  fiet,  dat  gy  tot  hem  genaeckt. 

Die  al  wat  fchoon  is  heeft  gemaeckt» 

Jac.  Cats  werken , tweede  deel pag.  400,  ’tDruk,  1726, 

& 

Inde  hominum  pccudumque  genus,  vitasque  volantum, 

Et  quce  marmoreo  fert  monftra  fub  aequore  pontus. 

Virg . Mn.  vi.  728,  729. 

ie  Lo,  thefe  are  parts  of  his  ways  : but  how 
little  a portion  is  heard  of  him  ? 

Job.  xxvL  14, 
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INTRODUCTION. 


1 o thofe  who  are  acquainted  with  the  works  of  Mr.  Leeuwen» 
hoek,  or  who  have  been  much  converfant  in  Microfcopical  Studies3 
this  Introduction  may  appear  unneceffary : but  thofe  to  whom  the 
fubjeft  is  new,  will  find  fo  many  wonders  laid  open  to  their  view, 
as  perhaps  to  induce  a doubt  of  the  Author's  accuracy  in  his 
obfervations,  or  his  veracity  in  his  narrations.  Indeed,  the  ex- 
treme minutenefs  of  many  of  the  fub  lefts  on  which  he  treats,  is  in 
fome  inftances  beyond  the  reach  of  our  capacities  to  comprehend*^ 

*.  The  Speftator,  in  one  of  his  papers  on  the  Pleafures  of  the  Imagination,  has  a paffage 
full  to  the  prefent  purpofe,  which  is  as  follows  : 

‘ Nothing  is  more  pleafant  to  the  fancy,  than  to  enlarge  itfeli  by  degrees,  in  its  con- 
4 templation  of  the  various  proportions  which  its  feveral  objects  bear  to  each  other,  when 
‘ it  compares  the  body  of  man  to  the  bulk  of  the  whole  earth,  the  earth  to  the  circle  it 
6 defcribes  round  the  fun,  that  circle  to  the  fphere  of  the  fix’d  ftars,  the  fphere  of  the 
4 fix’d  ftars  to  the  circuit  of  the  whole  creation,  the  whole  creation  itfelf  to  the  infinite 
4 fpace  that  is  every  where  diffufed  about  it ; or  when  the  imagination  works  downward, 

4 and  confiders  the  bulk  of  a human  body,  in  refpedt  of  an  animal  a hundred  times  lefs 
4 than  a mite,  the  particular  limbs  of  fuch  an  animal,  the  different  fprings  which  adluate 
4 the  limbs,  the  fpirits  which  fet  thefe  fprings  a going,  and  the  propoitionable  minute- 
4 nefs  of  thefe  feveral  parts,  belore  they  have  arrived  at  their  full  growth  and  perfedfion. 

4 But  if,  after  all  this,  we  take  the  leaf!,  particle  of  thefe  animal  fpirits,  and  confider  its 
4 capacity  of  being  wrought  into  a world,  that  (hall  contain  within  thofe  narrow  dimen- 
* lions  a heaven  and  earth,  ftars  and  planets,  and  every  different  fpecies  of  living  crea- 

a 


( iv  ) 

although  we  may  be  fully  allured  of  their  exiflence.  In  fa  ft,  it 
appears  by  Mr.  Leeuwenhoek  s writings,  that  the  difficulty  now 
dated,  was  made  a matter  of  objeftion  by  fevera!  of  his  co-tem- 
poraries, therefore  the  following  paffage  in  his  own  words,  will 
ferve  to  flate  the  objection,  and  the  manner  in  which  it  was  an- 
fwered  by  the  Author  himfelf, 

* I have  often  heard,  that  many  perfons  difpute  the  truth  of 
e what  I advance  in  my  writings,  faying  that  my  narrations  con- 
e cerning  animalcules,  or  minute  living  creatures,  are  merely  of 
6 my  own  invention.  And,  it  feems,  fome  perfons  in  France  have 

* even  ventured  to  affert,  that  thofe  are  not  in  truth  living 
‘ creatures,  which  I defcribe  as  difcoverable  to  our  fight,  and  al- 
f ledge,  that  after  water  has  been  boiled,  thofe  particles  in  it 

‘ tures,  in  the  fame  analogy  and  proportion  they  bear  to  each  other  in  our  own  univerfe ; 

‘ fuch  a fpeculation,  by  reafon  of  its  nicety,  appears  ridiculous  to  thofe  who  have  not 
‘ turned  their  thoughts  that  way,  though  at  the  fame  time  it  is  founded  on  no  lefs  than 
‘ the  evidence  of  a demonftration.  Nay,  we  may  yet  cany  it  farther,  and  difcover  in 

* the  fmalleft  particle  of  this  little  world,  a new  inexhaufted  fund  of  matter,  capable  of 
‘ being  fpun  out  into  another  univerfe. 

4 I have  dwelt  the  longer  on  this  fubjefr,  bccaufe  I think  it  may  fhew  us  the  proper 

* limits,  as  well  as  the  defeftivenefs  of  our  imagination  ; how  it  is  confined  to  a very 

* fmall  quantity  of  fpace,  and  immediately  flopt  in  its  operations,  when  it  endeavours  to 
4 take  in  any  thing  that  is  very  great,  or  very  little.  Let  a man  try  to  conceive  the  dif- 
4 ferent  bulk  of  an  animal,  which  is  twenty,  from  another  which  is  a hundred  times  lefs 

* than  a mite,  or  to  compare  in  his  thoughts,  a length  ol  a thoüfand  diameters  of  the 
‘ earth,  with  that  of  a million,  and  he  will  quickly  find  that  he  has  no  different  meafures 
4 in  his  mind,  adjufted  to  fuch  extraordinary  degrees  of  grandeur  or  minutenefs.  The 
‘ undemanding,  indeed,  opens  an  infinite  fpace  on  every  fide  of  us ; but  the  imagination, 
4 after  a few  faint  efforts,  is  immediately  at  aftand,  and  finds  herfelf  fwallowed  up  in  the 
‘ immenfity  of  the  void  that  furrounds  it : our  reafon  can  purfue  a particle  of  matter 

* through  an  infinite  variety  of  divifions  ; but  the  fancy  foon  lofes  fight  of  it,  and  feels  in 
4 itfelf  a kind  of  chafrm,  that  wants  to  be  filled  with  matter  of  more  fenfible  bulk.  We 
4 can  neither  widen,  nor  contract  the  faculty  to  the  dimenfions  of  either  extreme.  The 
4 objett  is  too  big  for  our  capacity,  when  we  would  comprehend  the  circumference  of  a 

* world  ; and  dwindles  into  nothing,  when  we  endeavour  after  the  idea  of  an  atom.’ 

« Spectator,  No.  420/ 


( V ) 

I 

* which  I pronounce  to  be  animalcules  will  be  Hill  obferved  to 
4 move.  The  contrary  of  this,  however,  I have  demonftrated  to 
c many  eminent  men,  and  I will  be  bold  to  fay,  that  thofe  gentle- 

* men  who  hold  this  language,  have  not  attained  to  a degree  of 
4 proficiency  to  obferve  fuch  objefts  truly.  For  my  own  part,  I 

* will  not  fcruple  to  affert,  that  I can  clearly  place  before  my  eye 
€ the  fmalleft  fpecies  of  thofe  animalcules  concerning  which  I now 

* write,  and  can  as  plainly  fee  them  endued  with  life,  as  with  the 

* naked  eye  we  behold  fmall  flies,  or  gnats  fporting  in  the  open 
£ air,  though  thefe  animalcules  are  more  than  a million  of  degrees 

* iefs  than  a large  grain  of  fand.  For  I not  only  behold  their 
4 motions  in  all  directions,  but  I alfo  fee  them  turn  about,  remain 
4 Hill,  and  fometimes  expire  ; and  the  larger  kinds  of  them  I as 
c plainly  perceive  running  along,  as  we  do  mice  with  the  naked 
4 eye.  Nay,  I fee  fome  of  them  open  their  mouths,  and  move  the 

4 organs  or  parts  within  them  ; and  I have  difcovered  hairs  at  the 

5 mouths  of  fome  of  thefe  fpecies,  though  they  were  fome  thou- 
é fand  degrees  lefs  than  a grain  of  fand. 

4 But  fince  it  is  pronounced  to  be  incredible,  that  within  the 
4 fpace  occupied  by  a grain  of  fand  fo  many  animalcules  can  be 
4 contained,  and  that  it  is  impoffible  for  me  to  calculate  truly  fuch 
4 numbers,  I have  thought  on  the  following  method  of  computa- 
4 tion,  to  place  this  matter  in  a clearer  light.  I lay  it  down  as  a 
4 pofition  or  truth,  that  with  the  microfcope  I can  fee  the  fpace 
4 occupied  by  a grain  of  fand*  magnified  to  the  fize  reprefented 
4 by  the  circle  A BGC.  Next,  1 fuppofe  that  I obferve  within 
c this  fpace  an  animalcule  fwimming  or  running  along,  and  ap- 
4 pearing  of  the  fize  reprefented  at  13.  Taking  the  meafure  of 
4 this  by  my  eye,  I conceive  the  axis  or  thicknefs  of  the  animal- 

* cine  thus  piftured  at  D,  to  be  the  twelfth  part  of  the  axis  of  the 

* 4 A grain  of  land  the  Author  in  another  place  describes  to  be  of  that  fort  called 

* {cowering  fand,  or  glafs-grinders  fand. 


( vi  ) 

4 grain  of  fand  reprefented  by  ABGC;  therefore,  by  the  com- 
4 mon  rules  of  arithmetic,  the  folid  contents  of  a fphere  or  globe 

* whofe  circumference  is  defcribed  by  the  circle  ABGC,  will  be 
4 1728  times  larger  than  a fphere  of  the  fize  of  D.  Next,  I ob- 
4 ferve  another  kind  of  animalcule,  which,  meafuring  by  my  eye 
4 through  a good  microfcope,  I judge  the  axis  or  thicknefs  of  it 
4 to  be  one  fifth,  but  fuppofe  it  only  a fourth  part  of  the  fize  of 
4 the  firft  animalcule  D,  fuch  as  is  reprefented  by  the  circle  E, 
4 and  then,  by  the  fame  rule,  the  fize  of  D muff  be  6 4 times  larger 
4 than  that  of  E ; and  if  this  lafl  number  be  multiplied  by  the  for- 
4 mer,  (1728)  we  fhall  find  that  110,592  animalcules  of  the  fize  of 
4 E,  (fuppofing  their  bodies  to  be  of  a fpherical  figure),  will  be 

* required  to  make  up  the  fize  of  the  fphere  A B G C . Laflly,  I 
4 perceive  a third  kind  of  animalcule,  the  fize  of  which  appears 
4 to  be  only  a tenth  part  of  the  animalcule  at  E,  fuch  as  the  point 
4 at  F denotes;  and  that  confequently  one  thoufand  of  thefe  will 
4 be  no  more  than  equal  to  the  fize  of  that  at  E.  And,  if  this 
4 number  be  again  multiplied  by  the  former,  it  will  be  plain  to 
4 demonflration  that  more  than  an  hundred  millions  of  animal- 
4 cules  can  be  contained  within  the  com  pafs  of  a grain  of  fand*.’ 

This  paffage  refpefts  the  fize  of  animalcules,  which  the  Au- 
thor reprefents  by  comparifon  with  the  known  fize  of  a grain  of 

* ‘ The  fohd  contents  of  fpheres  being  in  the  fame  proportion  as  the  cubes  of  their 
4 axes,  the  mathematical  demonflration  of  the  Author’s  pofition  is  fet  down  by  him 
4 thus 
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(and;  other  minute  objects  which  he  frequently  defc ribes,  are, 
the  veffels  in  the  bodies  of  infefts*  the  threads  of  Spiders,  the 
filaments  or  threads  of  wool,  the  fibres  compofing  the  flefh  of 
animals  and  the  like.  All  thefe  he  confiders  as  of  a cylindrical 
form,  that  is  to  fay,  if  hollow,  like  a round  pipe,  and,  if  folid,  like 
a round  flick,  wire,  or  rope,  and  he  conveys  to  his  readers  an 
idea  of  their  minutenefs,  by  comparing  them  with  the  known  fize 
of  a fmgle  hair.  The  method  rued  by  him  in  afcertaining  this 
proportion  he  defcribes  as  follows : 

4 In  examining  the  inteftines  of  flies  and  other  infefts  by  the  mi- 
4 crofcope,  I have  difcovered  veffels  conveying  the  blood  and 
4 juices,  the  fmalleft  ramifications  or  branches  whereof  appeared 
4 to  me  more  than  two  hundred  thoufand  times  lefs  than  an  hair 

• of  my  beard.  And  I will  here  explain  how  I compute  this  pro- 
4 portion,  which  to  many  may  appear  wonderful. 

4 I have  a plate  of  copper,  with  many  lines  engraven  on  it,  and 
4 divided  into  a number  of  final!  equal  parts.  I then  carefully  ob- 

* ferve  how  many  of  thefe  parts  one  hair  taken  from  my  beard, 

4 and  feen  through  the  microfcope,  appears  to  cover.  Suppofmg 
< that  the  diameter  of  this  hair,  when  magnified,  appears  equal 
4 to  fifty  of  thofe  parts,  then  with  the  point  of  a needle  I 
4 trace  on  the  copper  a line  of  the  fame  fize  by  the  naked  eye 
4 as  is  equal  to  one  of  thofe  final  1 veins  or  veffels  in  a fly,  feen 
4 through  the  microfcope  ; and  I find  that  nine  of  thofe  fmall  lines 
4 fo  traced  with  a needle,  when  placed  clofe  together,  are  a fiftieth 
4 part  of  the  diameter  of  the  hair.  If  then  450  diameters  of  thofe 
4 fmall  veins  which  I molt  plainly  fee  in  a fly  are  no  more  than 
4 equal  to  the  diameter  of  one  hair  taken  from  my  beard,  it  fol- 
4 lows,*'  by  the  rules  of  arithmetic,  that  one  of  fuch  hairs  is  more 

* 4 Mr.  Leeuwenhoek  here  "confiders  the  hair  to  be  round,  as  well  as  the  fmall  veffels 
he  alludes  to,  and  fupp.ofing  each  of  thefe  to  be  cut  through  or  acrofs  the  middle,  the 
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6 than  200,000  times  larger  than  thofe  very  fmall  blood  veffels  in 
c a fly/ 

The  author  fometimes  computes  the  fize  of  fmall  objefts  by 
aliquot  or  equal  parts  of  an  inch,  and,  for  the " more  readily 
placing  thefe  before  the  reader  s view,  the  tranllator  has  fubjoined 
a fcale  of  inches  divided  into  feveral  different  numbers  of  equal 
parts,  and  in  each  of  thefe  divifions  is  marked  the  proportionate 
fize  of  the  fame  number  of  parts  in  a fquare  inch. 

Further,  at  HIKE,  is  given  a reprefentation  of  a cube,  and 
at  M N O P,  a drawing  of  a cylinder,  in  order  to  convey  an  idea 
of  thofe  figures  to  fuch  readers  as  have  not  been  much  convenient 
in  the  dotfrine  of  folids.  The  number  of  parts  or  circles  con- 
tained in  the  cylinder,  will  not  be  found  to  anfwer  fo  exafUy  to 
the  arithmetical  computation  as  thofe  in  the  cube,  and  this  is  oc- 
cafioned  by  the  interfaces  or  fpaces  between  the  circles  in  the 
cylinder,  which  only  touch  each  other  in  a point. 

* fettion  would  exhibit  a circle.  Now  the  areas  of  circles  being  in  proportion  to  the 
s fquares  of  their  diameters,  the  Author’s  propofition  is  mathematically  demonftrated 
4 thus : 
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O F T H E O-A  K. 

The  Nature  of  ids  Production ; the  different  Degrees  of  Goodnefs  in 
Oak  "Timber;  and  the  Caufes  of  that  Difference . The  Authors 
Opinion  as  to  the  proper  Seafon  for  felling  Timber * 

In  order  to  form  a true  judgment  of  the  nature  of  this  Tree, 
and  the  better  to  comprehend  the  following  deferiptions  of 
the  * veffels  which  compofe  the  fame,  let  us  firft  attend  to 
Plate  L Jig.  i +,  BCD,  and  imagine  it  to  reprefent  the  furface 
of  an  Oak  when  cut  tranfverfely  or  acrofs  the  middle,  on  which 
furface  eighteen  circles  appear ; which  circles  are  the  clear 
and  undoubted  marks  of  eighteen  years  growth,  the  tree  being  in» 
creafed  every  year  by  the  addition  of  one  circle,  (and  in  the  lat- 
ter of  thole  years  the  circles  are  the  large  ft,  though  not  all  of 
equal  magnitude,  but  in  proportion  to  the  fertility  of  each  year.) 
The  fmall  portion  of  this  wood,  deferibed  in  the  next  figure  is 
marked  in  the  fixteenth  circle  by  the  letter  E.  Farther,  fuppofing 
the  tree  to  be  fawn  acrofs,  as  above-mentioned,  and  afterwards 
planed  or  poliftied,  we  (hall  ob ferve  throughout  the  furface, 
breaks  or  creafes,  reaching  from  the  centre  A,  to  the  circum- 

# By  the  word  veffels,  are  to  be  underflood,  throughout  this  Work,  fmall  tubes,  or 
pipes,  running  in  different  directions,  in  the  fubjetts  treated  of. 

i This  figure,  which  in  the  original,  is  only  fb  many  circles,  the  Tranflator  has  caufed 
to  be  engraved  from  a piece  of  Oak  of  the  fize  here  deferibed ; at  F is  reprefented  a knot 
which  was  in  the  tree. 

A 


C 2 ) 

ference  E,  and  thefe  are  vefiels  conveying  the  nutritive  juices  of 
the  plant  outwards  towards  the  bark,  as  in  the  next  figure  will 
be  more  fully  explained. 

Fig.  2,  AB  CD,  reprefents  a fmall  piece  of  Oak,  drawn  as  nearly 
as  could  be  done,  according  to  its  appearance  feen  through  a mi- 
cro (cope,  prepared  by  me  for  that  purpofe,  and  which  piece  of 
wood  appears  to  the  naked  eye  of  the  fize  reprefented  at  Jig . 2, 

X. 

The  dark  fhades  at  FF,  F F,  indicate  the  part  where,  towards 
Autumn,  the  vegetation  and  increafe  for  that  yearceafe,  and  about 
this  time,  and  in  this  part,  the  wood  becomes  exceeding  hard,  being 
compofed  of  fuch  fmall  vefiels,  that  it  is  difficult,  and  at  laft  im- 
poffible,  to  diftinguifh  them,  for  which  reafon  they  a flume  the 
appearance  of  dark  (Breaks  or  (hades.  Between  the  letters  F F,  F F, 
is  contained  that  fpace,  or  thicknefs,  which  the  tree  acquires 
through  its  circumference,  in  the  fpace  of  one  year. 

This  fpecies  of  timber  tree,  has  five  different  kinds  of  veflels, 
three  rifing  perpendicularly,  and  two  extending,  or  fpreading  hori- 
zontally. 

E E E,  reprefent  the  firff  fort  of  thefe  perpendicular  vefiels, 
which  are  very  large,  and  are  produced  in  the  fpring,  with  the 
firff  rife  of  the  flip.  The  infides  of  thefe  vefiels  are  full  of  a kind 
of  vehicles,  or  little  bladders,  compofed  of  very  thin  membranes, 
or  (kins,  and  thefe  are  to  be  feen  in  Jig . 3,  where  at  the  letters 
L K I M,  is  reprefented  a feftion  of  one  of  thefe  large  vefiels,  di- 
vided longitudinally,  and  feen  through  the  microfcope. 

The  fecond  fort  of  thefe  perpendicular  vefiels  is  much  fm aller, 
and  is  alfo  compofed  of  exceeding  fine  membranes,  intermixed  with 
a kind  of  fpots,  which  by  the  microfcope,  appeared  to  my  eye  like 
globules,  or  little  balls,  as  reprefented  in  Jig.  4,  O N,  which  exhi- 
bits one  of  thefe  fecond  fized  veflels,  divided  longitudinally. 

The  third  kind  of  thefe  perpendicular  vefiels  is  exceeding  ftnalb 
but  in  great  numbers  : likewife  compofed  of  excefiively  minute 
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membranes,  and  tliefe  are  alfo  represented  when  cut  longitudinally, 
or  lengthways,  at  fig.  4.  P Q . 

All  thefe  perpendicular  veffels,  which  are  found  in  fo  fmall  a 
piece  of  wood  as  that  before  reprefented,  and  which  in  fize,  is 
about  the  ninetieth  part  of  a fquare  inch,  do  amount  in  number, 
in  my  opinion,  to  twenty  thoufand ; fo  that  an  Oak  tree  of  four 
feet  in  circumference*  contains,  according  to  my  computation, 
more  than  three  thoufand  two  hundred  millions  of  thefe  perpen- 
dicular veffels,  and  in  a tree  of  no  more  than  one  foot  in  circum- 
ference,  will  be  found  two  hundred  millions  of  fuch  veffels. 

Thefe  perpendicular  veffels  do,  for  the  mod  part,  infufe,  or  inftil 
their  juices  into  other  veffels,  which  are  almoft  innumerable,  lying  in 
an  horizontal  pofition  in  the  tree,  and  by  the  means  of  which  it’s 
bulk  or  thicknefs  is  daily  increafed  : thefe  veffels  are  of  two  forts. 

Fig.  2,  G G G,  reprefents  one  fort  of  thefe  horizontal  veffels, 
which  originally,  or  at  the  firft  formation  of  the  plant,  are  derived 
from  the  marrow,  or  pith,  in  the  centre  of  it ; but  afterwards,  in 
great  numbers,  take  their  origin  from  the  perpendicular  veffels, 
Thefe  veffels  appeared  to  my  eye  like  dark  breaks ; but  in  order  to 
examine  them  more  clearly,  I cut  a piece  of  the  wood  lengthwife, 
fo  that  they  were  cut  exaéfly  acrofs,  and  then  each  of  them  ap- 
peared to  be  formed  of  five,  fix,  or  even  feven  veffels  joined  one 
on  another,  as  they  are  reprefented  in  fig.  4,  intermixed  among  the 
p e r p e n d i c u 1 a r v e f fe  1 s . 

The  other  fort  of  horizontal  veffels,  lying  in  great  numbers 
or  clutters,  clofely  joined  to  each  other,  though  not  evenly  dif- 
fufed  throughout  the  wood,  when  examined  in  their  horizontal 
pofition,  appear  as  in  fig.  2,  A B,  or  C D,  (but  when  cut  tranf- 
verfely,  they  are  reprefented  as  feen  by  the  naked  eye,  in  fig.  5, 
R S,j  and  where  they  are  reprefented  magnified  and  feen  longitu- 

* The  circumference  of  a circle  being  about  three  times  it’s  diameter,  a tree  of  four 
feet  in  circumference,  will  he  fixteen  inches  in  diameter,  and  one  of  a foot  in  circumfer- 
mice,  lour  inches  diameter,  the  fize  reprefented  in  jig.  1. 
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dinally  in  fig.  2,  I have  in  many  places  drawn  crofs  lines,  to  re- 
prefent  what  I conceive  to  be  minute  valves,  and  though  I could 
not  fee  them  fo  diftinftly,  as  here  they  are  drawn,  yet  I cannot 
doubt  of  their  exiftence,  having  frequently  feen  thefe  valves  in 
other  woods,  and  particularly,  very  diftinflly  in  the  Elm  ; befides, 
it  feems  evident  to  me,  that  without  ftich  valves  the  tree  could  not 
be  increafed  in  its  bulk,  on  account  of  the  great  force  required  to 
feparate  and  loofen  the  bark  from  the  tree,  in  the  time  of  fpring, 
and  alfo  for  the  violent  burfting  open  of  the  bark,  to  allow  for  the 
growth  and  increafe  of  the  wood  : and  if  there  were  not  fuch 
valves,  the  juices,  which,  by  the  aftion  of  the  fun  are  drawn 
outwards,  would,  at  fun  fet,  when  that  motion  of  the  juices 
ceafes,  be  drawn  back  again,  and  their  exertions  to  diftend  the 
bark  become  fruitlefs.  A portion  of  thefe  veffels  is  reprefent- 
ed  in  fig.  4,  TV,  which  figure  is  drawn  from  a microfcope  of 
greater  magnifying  power  than  that  from  which  the  perpendicular 
veffels  are  drawn,  in  order  that  thefe  horizontal  ones  may  be  more 
clearly  feen  : and  in  this  fmall  piece  of  wood,  and  in  this  little 
fpace,  which  is  no  more  than  the  feven  hundredth  part  of  a 
fquare  inch,  are  more  than  two  thou  fan d veffels. 

It  is  well  known  that  there  is  a great  difference  in  Oak  Timber, 
namely,  whether  it  grew  in  mountainous  fituations,  or  low  lands, 
and  whether  in  warmer  or  colder  climates,  and  laftly,  whether  it 
was  of  quicker,  or  flower  growth.  As  to  the  fpecimen  of  Oak 
which  has  been  juft  defcribed,  it  was  taken  from  a tree  of  the  beft 
quality,  very  compari;  and  clofe  grained,  and  which  had  been  very 
flourifhing  in  its  growth. 

Oak  timber  of  this  fuperior  quality  we  muft  not  expeft  to  find 
in  the  Northern  or  cold  countries,  but  in  the  warmer  ones.  The 
very  beft  timber  that  we  have  here,  in  Holland,  is  brought  down 
the  Rhine  from  the  places  of  its  growth,  which  are  nearly  in  the 
fame  parallel  of  Northern  latitude  with  ourfelves.  The  Oak 
which  we  have  from  Riga,  Koningfberg,  and  Dantzick,  is  very 
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perifhable,  and  of  a fpongy  nature,  becaufe  it  grows  in  a colder 
climate,  and  inereafes  in  it’s  bulk  much  more  (lowly  than  that  be» 
fore-mentioned  ; but  yet  this  wood,  though  fo  perifhable,  is  deemed 
the  beft  for  making  beer-barrels,  becaufe  it  does  not  impart  any  ill 
tafte  to  the  beer,  the  reafon  of  which  I take  to  be,  that  in  cold 
climates  the  Oak  does  not  acquire  fo  much  acrid  fait  as  it  does 
in  warmer  ones ; but  Ï do  believe,  that  if  the  better  fpecies  of 
Oak,  after  being  cleft  into  (laves,  were  to  be  foaked  in  water  for  a 
certain  time,  this  acrid  fait  would  be  extrafted  from  it,  and  that 
the  ca(ks  made  of  it  would  be  greatly  fuperior  to  thofe  made  of 
Riga  Timber. 

The  Oak,  as  has  been  before  obferved,  in  the  beginning  of  its 
growth  every  fpring,  produces  very  large  veffels,  but  the  reft  of  the 
year  much  fmaller  ones  ; confequently,  when  the  tree  fo  (lou fifties 
as  to  acquire  an  increafe  in  it’s  femi-diameter,  or  on  one  fide  of 
it’s  outward  furface,  of  one  half,  one  third,  or  a quarter  of  an 
inch,  there  will  be  in  this  fpace  only  one  feries,  or  row  of  fuch 
large  vefiels  ; but  on  the  contrary,  where  the  increafe  is  flow, 
then,  within  the  fame  fpace  of  one  half,  one  third,  or  a quarter  of 
an  inch,  there  will  be  formed  from  twenty  to  ten,  or  eleven  fuch 
rows  of  large  veffels.  This  great  number  of  large  vefiels  in  fo 
fmall  a fpace,  not  only  renders  the  wood  very  porous  and  brittle, 
but  alfo  very  perifhable,  efpecially  if  it  is  ufed  in  works  expofed 
to  much  moifture,  and  where  there  is  no  free  current  of  air  ; and 
hence  it  is,  that  (hips  built  of  French  or  Englifh  Oak,  are  much 
more  durable  than  thofe  built  of  timber  growing  in  the  more 
Northern  and  cold  countries. 

In  order,  more  clearly,  to  explain  the  nature  of  the  heft  Oak 
timber,  let  us  revert  to  jig . 2,  reprefenting  a portion  of  a tree 
which,  in  one  year,  had  acquired  in  thicknefs  aim  oft  a fixth  part 
of  an  inch  in  it’s  femi-diameter,  or  one  third  of  an  inch  in  the 
whole,  and  in  this  fpace,  one  row  or  circle,  and  no  more,  of  the 
very  large  veffels,  before  defcribed,  had  been  formed.  Then,  to 
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difcern  the  difference  between  this  timber  and  that  brought  from 
Riga  and  Koningfberg,  let  us  attend  to  fig.  6,  ABODE  F, 
wherein  is  exhibited  a fmall  piece  of  fuch  timber  cut  tranfverfely, 
and  drawn  from  the  microfcope. 

The  piece  of  wood  which,  in  this  figure,  is  reprefented  by 
ABC,  or  D E F,  contains  about  the  fifteenth  part  of  an  inch  in 
length*,  and  this  length,  or  rather  this  thicknefs,  the  tree  had  ac- 
quired in  two  years  growth,  fo  that  A B denotes  the  thicknefs 
produced  in  the  tree  in  one  year,  and  is  about  the  thirtieth  part 
of  an  inch  in  length  ; B C or  E D,  indicate  the  increafe  of  the 
following  year  ; A B C and  F E D reprefent  the  larger  horizontal 
veffels,  which  in  fig.  2,  are  explained  by  A B or  CD;  and  the 
dark  lines  II  H H H,  indicate  the  fmaller  horizontal  ones,  which 
in  fig.  2,  are  defcribed  by  G G G : all  the  round  cavities,  of 
which  there  are  three  different  fizes  reprefented  in  this  figure,  and 
which  are  found  within  the  compafs  of  the  thirtieth  part  of  an  inch  ; 
in  length,  are  the  three  different  forts  of  perpendicular  veffels 
before  defcribed.  Hence  we  fee  that  in  a tree,  which  is 
augmented  in  fize,  in  it’s  femi-diameter,  one  inch,  or  in  the 
whole  diameter  two  inches  and  no  more,  in  the  growth  of 
thirty  years,  there  will  be  formed  thirty  rows,  or  feries  of 
large  veffels  : from  whence  it  follows,  that  the  greateft  part  of 
Oak  Timber,  of  fuch  flow  growth,  muff  be  very  foft  and  peritti- 
able  : and  if  on  the  other  hand  we  confider,  that  Oaks  growing 
in  a warmer  climate  may,  in  one  year,  increafe  in  fize,  in  their 
femi-diameter  half  an  inch,  or  an  inch  in  their  whole  diameter,  we 
may  eafily  perceive  hew  large  a portion  of  wood  will  be  formed 
in  them,  having  only  one  row  of  the  large  veffels  in  it,  and  how 
firm,  folid,  and  durable  Inch  wood  muff  be. 

Let  a tree  of  flourifhing  growth  be  increafed  in  magnitude,  in 
the  fpace  of  a year,  one  fourth  part  of  an  inch,  in  fuch  a fpace 


r* 
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* This  fize  is  reprefented  in  Jig.  6.  at  X 
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will  be  produced  one  circle  of  the  large  veffels  ; another  tree 
orowincr  in  a colder  climate  {hall  require  eight  or  ten  years  growth 
to  increafe  in  the  fame  degree  : in  this  lad  tree,  within  the  fourth 
of  an  inch  fpace  will  be  formed  eight  or  ten  circles  of  large  veffels^ 
the  neceffary  conclufion  is,  that  Oak  Timber  growing  in  cold 
climates  mud  be  foft  and  perifhable,  and  it  mull  be  acknowledged 
that  Oak  timber  growing  in  this  country  of  Holland,  is  fuperior  in 
quality  to  that  produced  in  more  Northern  latitudes  : again,  that 
the  Oak  Timber  of  Brabant  and  Flanders,  is  fuperior  to  ours,  and 
laflly,  that  the  French  and  Englifh  Oaks  are  the  mod  excellent 
of  all. 

One  thing  mud  however  be  confidered,  which  is,  that  the  very 
lamed  Oaks  are  not  always  fo  valuable  as  trees  of  a more  moderate 
fize,  that  is  to  fay,  if  they  were  of  good  growth,  and  are  free  from 
decay  ; for  though  large  trees,  in  the  firft  thirty,  forty,  or  fifty 
years  may  grow  very  faft,  and  produce  excellent  timber,  yet 
when  they  come  to  the  age  of  an  hundred,  or  an  hundred  and 
twenty  years,  the  circles  of  wood  added  every  year,  become  very 
narrow,  and  the  thicknefs  increafes  flowly,  fo  that  the  large 
veffels  in  the  wood  approach  near  together,  and  confequently  the 
exterior  or  outward  parts  of  fuch  large  timber  become  very  foft, 
in  comparifon  with  the  inner  part  of  it. 

It  is  the  general  opinion  in  this  Country  that  timber  is  much 
more  folid  or  durable  when  felled  in  winter  than  in  fummer.  But 
I think  that  if  we  examine  this  opinion,  we  fhall  find  it  to  be  * 
erroneous. 

It  is  true,  that  if  timber  be  felled  in  the  fummer  time,  the  bark 
can  much  more  eafily  be  feparated  from  it  than  in  the  winter  ; for 
the  wood  newly  formed  each  year  always  adheres  to  the  bark, 
and  the  bark  is  every  year  propelled  or  driven  outwards  from  the 
laft  year’s  wood,  and  as  the  tubes  or  veffels  of  which  fuch  newly 
formed  wood  is  compofed,  are  during  the  time  of  their  growth 
not  folid,  but  of  a very  foft  texture,  this  is  the  reafon  why  the : 
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bark  can  be  fo  eafily  ftripped  off  in  the  dimmer  time.  But 
that  any  part  of  the  tree,  except  that  of  the  new  growth, 
fhould  be  more  folid  in  winter  than  in  dimmer,  feems  to  be 
altogether  impoflible  ; for  it  is  plain  to  demonftration  that  all  trees 
are  compofed  of  multitudes  of  fmall  tubes  or  vefsels,  which  are 
formed  every  year  by  the  tree's  growth,  and  that  when  once 
formed  they  preferve  their  fhape  and  fize,  without  any  altera- 
tion, although  the  tree  be  above  an  hundred  years  old.  Thefe 
tubes,  which  in  all  feafons  are  filled  with  juices,  are  neither  lefs  in 
winter  nor  larger  in  dimmer,  for  the  juice  which  circulates 
through  them  is  at  ail  times  the  fame.  But  if  it  were  pofli- 
ble  that  the  fubftance  of  trees  in  winter  could  be  more  clofe 
or  compaft,  and  in  dimmer  more  fpongy  or  diftended,  it  would 
follow  that  the  hard  and  dead  bark  furrounding  the  tree  would 
in  winter  be  feparated  from  the  wood,  and  in  dimmer  more 
fplit  open  than  it  is  found  to  be  ; but  lince  we  do  not  obferve  this 
to  happen  in  either  inftance,  it  mud  be  the  better  opinion  that  tim~ 
ber  felled  in  dimmer  is  equally  good  with  that  cut  down  in  winter; 
and  if  any  one  will  take  the  trouble  to  examine  thofe  fmall  chinks 
or  fiffures  which  are  produced  in  the  bark  during  the  tree  s growth 
in  dimmer,  he  will  find  that  trees  are  not  increafed  in  their  fize  or 
fubftance  in  an  hafty  manner,  but  by  very  flow  degrees. 


Of  the  FIR, 


The  different  Degrees  of  Goodnefs  in  Fir  Timber  ^ how  difcoverable  ; the 
minute  Vejffels  which  entei  into  the  Compoftion  of  this  Tree  dejcnbed 
at  large . 


In  treating  of  the  Oak  I have  confidered,  that  the  fpecies  of  it 
growing, in  warm  climates,  is  fuperior  to  that  which  is  produced  in 
cold  countries.  But  we  muft  not  imagine  this  to  be  the  cafe  with 

o 

all  Woods  ; on  the  contrary  the  Fir  Timber  growing  in  cold  coun- 
tries is  fuperior  to  that  produced  in  warm  ones,  where  it’s  growth 
is  rapid.  For  the  perpendicular  veflels  of  which  the  Fir  is  com- 
pofed  are  comparatively  fmall,  and  though  we  may  fee  here  and 
there  in  this  wood  a large  perpendicular  veffel,  that  is  no  great  ex« 
ception  to  the  general  nature  of  it. 

In  the  Fir,  at  the  beginning  of  its  growth  every  year,  the  per- 
pendicular veffels,  (which  are  all  of  the  fame  kind),  are  formed 
twice  as  large  as  thofe  towards  the  end  of  the  feafon,  when  the 
growth  ceafes,  and  thefe  latter  formed  veflels  are,  in  refpeft  of  their 
component  woody  parts,  very  compafi  and  clofe,  having  very 
fmall  cavities,  and  confequently  producing  durable  timber  ; and 
the  lefs  this  tree  grows  every  year,  the  greater  number  of  thefe 
compaft  vefsels  enter  into  its  competition.  Hence  we  may  gather, 
that  if,  upon  examining  Fir  Timber  at  the  ends,  when  it  has  been 
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cut  or  fawn  acrofs,  we  obferve  the  circles  denoting  each  years 
growth  to  approach  very  near  together,  we  may  eafily  conclude 
that  fuch  timber  is  firm  and  durable,  efpecially  if  we  perceive 
great  part  of  thefe  circles  to  be  moiftened  or  tinged  with  a refinous 
or  gummy  fubffance,  named  Turpentine. 

The  production  or  growth  of  the  Fir  is  fhewn  in  Plate  I.  Jig.  7. 
which  reprefents  a fmall  piece  of  this  wood,  as  feen  by  the  micro- 
(cope,  when  cut  tranfverfely,  in  order  to  (hew  the  difference  be- 
tween the  perpendicular  vefsels  formed  in  the  Spring,  and  thofe 
produced  in  Autumn,  when  the  growth  ceafes. 

The  natural  fize  of  the  fpace  contained  between  ABC,  or  E F G, 
is  about  the  fifteenth  part  of  an  inch  in  length  ; A B F G,  denote 
that  portion  of  the  wood  formed  towards  the  latter  end  of  the 
year,  and  the  line  of  feparation  appearing  at  B F,  is  the  place 
where  the  increafe  for  that  year  ceafed.  BCEF  indicate  a part 
of  the  fame  wood,  produced  in  the  beginning  of  the  following  year. 

D D,  and  G G,  are  the  horizontal  vefsels,  which  in  this  wood  are 
placed  very  clofe  to  each  other,  lb  that  when  cut  tranfverfely  it  is 
difficult  to  diftinguifh  them. 

In  this  figure,  we  fee  the  difference  between  the  vefsels  formed  at 
the  beginning  and  at  the  end  of  each  year’s  growth.  And  if  the  wood 
here  reprefented,  within  the  fpace  ABC  (which  is  the  fifteenth 
part  of  an  inch)  required  two  years  to  enlarge  the  femidiameter  of 
the  tree  to  that  thicknefs,  it  follows,  that  in  this  fpace  there  will 
be  two  rows  or  circles  of  the  compaft  vefsels  pictured,  between 
A B.  Moreover,  the  piece  of  wood  which  is  here  defcribed  wTas 
from  a tree  of  quick  growth,  and  timber  of  flower  growth  not  only 
would  produce  fewer  of  the  large  vefsels,  but  alfo  thofe  vefsels  firff 
formed  in  the  fpring  would  be  fmaller  in  proportion,  efpecially  if 
growing  in  a colder  country,  and  in  a good  foil.  In  a word,  the 
nearer  the  circles  before  mentioned  approach  together,  the  flower 
was  the  growth,  and  this  fpecies  of  Fir  is  the  mod  durable. 
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In  reflecting  upon  the  nature  of  the  tubes  or  vefsels  of  which 
wood  con  lifts,  I confidered  with  my  fell,  whether  each  of  thefe 
tubes  was  not  formed  of  two  diftinct  kinds  of  exceffively  final!  vef- 
fels  or  coats,  one  fort  extending  lengthways,  and  the  other  fort 
encompaffing  each  tube  in  a circular  direction,  as  I had  ohferved 
the  quills  * of  feathers  to  be  formed,  in  order  to  give  to  each  tube 
a decree  of  ftrenqth  and  firmnefs. 

To  inveftigate  this,  I examined  feveral  kinds  of  wood,  and 
particularly  the  Fir,  and  at  length  I ohferved  in  fplitting  the 
larger  tubes  or  vefsels  of  the  wood,  that  fome  of  them  were  in- 
dented or  jagged  in  the  fplitting,  and  I alfo  imagined  that  I faw 
the  tube  to  conhft  of  fmaller  vefsels  in  a flrait  perpendicular  di- 
rection which  were  not  diffufed  all  over  the  membrane  or  coat* 
but  only  placed  on  each  fide  of  it,  whence  I gathered  that  though 
the  minute  vefsels,  fome  of  which  I conceived  to  extend  longi- 
tudinally, and  others  to  encompafs  each  tube  of  the  wood,  cannot 
always  by  reafon  of  their  exceeding  fmallnefs  be  difcovered,  yet 
that  the  tubes  are  in  reality  formed  like  the  quills  of  birds  in  order 
to  give  them  the  greater  ftrength. 

In  further  profecuting  this  inquiry,  I procured  a piece  of  the 
pitch  Pine  or  Fir  newly  felled,  and  which  had  been  of  very  quick 
growth  ; and  having  placed  a fmall  part  of  it  before  the  micro- 
fcope,  I direfted  the  Engraver  to  copy  the  figure  of  it  as  exaftly 
as  poffible. 

Fig.  8.  ABODE  F G,  reprefents  this  fmall  piece  of  wood^ 
which  I fplit  longitudinally  as  thin  as  poffible.  It’s  extreme  thin- 
nefs  brought  clearly  into  view  a great  number  of  globules  con- 
tained in  the  vefsels  of  this  wood,  and  which  afford  a mod  pleafing 
fpeftacle,  not  only  on  account  of  their  exafl  globular  figure^  but 
alfo  becaufe  in  each  of  the  globules  is  a lucid  or  bright  fpot. 

This  fmall  piece  of  wood  I found  particularly  eligible  for  my 


* The  Author’s  examination  of  this  fubjeft  will  appear  in  the  courfe  of  the  work. 
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obfervations,  partly  becaufe  it  is  very  rare  to  find  a piece  fplit 
out  fo  long,  and  fo  thin  with  the  perpendicular  vefsels  fo  clearly 
difcernible  in  it  without  obftru&ion  to  the  fight  from  the  horizon- 
tal ones,  and  partly  becaufe  I have  feldom  found  fo  many  of  the 
globules  in  fo  fmall  a fpace.  Thefe  globules  in  my  opinion  are  the 
fubftance  we  call  Turpentine,  and  from  which,  by  burning  the 
wood.  Pitch  and  Tar  are  procured. ^ 

Bet  ween  D E and  F,  are  to  be  feen  the  tubes  of  the  wood  when 
divided,  which  plainly  appear  to  be  fplit,  not  exaftly  ftrait  in 
length,  but  in  a manner  indented  or  jagged  and  broken  fideways. 

I alfo  put  into  the  Engraver’s  hands  two  feparate  microfcopes 
that  he  might  make  diftinft  drawings  of  thefe  tubes  of  the  wood, 
and  from  one  of  thefe  was  taken  jig.  g,  M N,  where  two  of  fuch 
tubes  are  reprefented  when  fplit  lengthways  ; but  the  Engraver 
faid,  that  he  could  not  poflibly  draw  all  the  jagged  parts  which  he 
faw.  And  we  both  of  us  perceived  in  the  broken  membrane  or 
coat  of  the  tube,  many  excefiively  minute  veflels,  which  by  reafon 
of  their  fmallnefs  he  was  unable  to  exprefs  in  the  drawing.  Fig. 
10,  OP,  reprefents  a fingle  tube  of  the  wood,  in  which,  as  plainly 
as  could  be  done,  is  reprefented  the  broken  parts  ot  the  membrane 
of  which  the  tube  is  chiefly  compofed. 

Since  then  we  find  by  thefe  obfervations,  that  the  very  fine 
membranes  of  which  thefe  woody  tubes  confifi,  is  not  always  fplit 
lengthways,  but  often  in  an  indented  or  jagged  form,  me  may 
eafily  conceive  that  the  tubes  of  wood,  however  minute  they  be, 
are  partly  formed  fimilar  to  the  quills  of  feathers. 

The  fiflure  or  fplitting  of  the  particle  of  wood,  reprefented  in 

* It  is  well  known,  that  Turpentine  is  procured  from  the  Fir,  by  making  a wound  or 
incifion  in  the  Tree,  from  whence  the  Turpentine  flows  in  great  abundance.  This,  upon 
being  di ft il led  produces  the  fpirit  of  Turpentine,  and  what  remains  at  the  bottom  of  the 
ftill,  is  the  fubftance  called  Rofin.— Pitch  and  Tar  are  obtained  by  burning  large  quanti- 
ties of  the  billets  of  Fir,  either  in  the  open  air,  covered  with  fods  to  prevent  evaporation 
as  was  the  ancient  pra6Iice,  or  in  ovens  conftruded  for  that  purpofe,  as  is  the  modern 
method. 
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Jig.  8,  was  in  fuch  a dire&ion  that,  as  I may  fay,  it  pafsed  or  took 
its  dire£tion  through  the  centre  of  the  tree,  by  which  means  the 
horizontal  vefsels,  as  well  as  the  perpendicular  ones,  were  di- 
vided longitudinally,  and  therefore  are  both  exhibited  in  the  fame 
figure. 

Between  K I and  H G,  the  horizontal  tubes  or  vefsels  are  re- 
prefented  when  divided  longitudinally,  Thefe  vefsels  are  found 
in  great  abundance  in  this  wood,  and  in  fome  places  fix,  feven,  or 
even  twelve  of  them  (hall  be  found  clofe  together,  and  it  is  very 
rare  to  fee  fo  large  a fpace  of  the  perpendicular  vefsels  without 
horizontal  ones,  as  is  between  G and  F in  this  figure,  though  the 
real  fize  of  that  fpace  is  not  more  than  the  thicknefs  of  a large 
grain  of  fand. 

1 have  often  reflected  on  the  nature  of  thefe  horizontal  vefsels, 
that  is,  how  they  are  formed,  and  how  fup plied  with  nutritive 
juices,  for  through  them  a new  coat  of  bark  is  every  year  produced 
round  the  tree.  At  firft,  they  undoubtedly  have  their  rife  from 
the  marrow  or  pith  in  the  center,  but  afterwards,  they  muff  ne~ 
cefsarily  proceed  from  the  afcending  vefsels.  In  this  enquiry  I 
could  not  fully  fatisfy  myfelf,  except  that  I obferved  the  appear- 
ance of  certain  fmall  dots  or  points  in  many  parts  of  the  perpen- 
dicular \effels,  which  at  length  I difcovered  to  be  no  other  than 
fmall  round  apertures.  Thefe  are  reprefented  in  Jig.  8,  between 
B C,  and  G H,  and  as  I did  not  fee  them  in  any  other  places  than 
where  I had  divided  the  horizontal  from  the  afcending  veffels,  I 
concluded  that  at  thefe  fmall  apertures  the  horizontal  veffels  are 
united  to  the  perpendicular  ones.  And  I began  to  confider 
whether  the  afcending  tubes  were  not  air  veffels,  as  well  as  in- 
flru mental  in  conveying  the  nutritive  juices. 

I then  fat  about  a more  accurate  examination  of  this  wood, 
by  cutting  off  thin  flices  with  the  fharpeff  edged  tools  I could 
procure,  and  placed  them  before  the  microfcope,  and  here- 
upon I difcovered  a much  larger  number  of  afcending  veifels 


( M ) 

than  I had  before  obferved,  which  lafl  difcovered  veffels  were 
exceeding  frnall  in  cornparifon  of  the  former  ; fo  final!,  indeed 
that  if  a large  grain  of  fand  were  divided  into  ten  millions  of 
parts,  thefe  veffels  would  hill  be  impervious  to  them.  Here- 
upon I concluded  that  all  the  perpendicular  veffels  which  I had 
before  difcovered  in  this  wood,  and  through  which  1 had  Hip- 
po fed  the  juices  for  the  nourifhment  of  the  tree,  audits  fruit,  were 
conveyed,  were  really  only  air  veffels  ; for  thofe  which  I now  name 
air  veffels  are  furrounded  with  three  or  four  of  the  very  fmall 
veffels  before  mentioned.  And  I am  clearly  of  opinion,  that 
thefe  minute  veffels  do  conftitute  and  form  thofe  others  which  I 
name  air  vefsels,  and  conned  them  one  with  another  ; and  that 
thefe  fmaller  vefsels  convey  all  the  nutritive  fubftance  for  the 
fupport  of  the  tree,  its  leaves  and  fruit,  and  that  therefore  they 
may  properly  be  named  arterial  vefsels. 

The  wood  which  in  Jig.  8,  is  reprefented,  fplit  longitudinally,  I 
now  cut  or  divided  tranfverfely,  to  (hew  the  nature  of  thefe 
vefsels  when  infpefted  into  or  looked  down  upon,  if  I may  fo  ex- 
prefs  myfelf ; and  at  Jig.  11,  UVWYZ,  a portion  of  it  is  repre- 
fented as  feen  by  the  microfcope,  the  natural  fize  of  which  was  no 
more  than  could  be  covered  by  a middling  fized  grain  of  fand  ; and 
in  this  figure,  between  the  vefsels  compofing  the  wood,  or  the  air 
vefsels  before  mentioned,  are  feen  the  very  minute  vefsels  which  I 
call  the  arteries  of  the  wood  cut  tranfverfely  ; but  as  they  are  fo 
very  minute,  I caufed  four  of  the  air  vefsels  to  be  drawn  feparate 
as  viewed  by  a ftill  deeper  magnifier,  that  thefe  laft  might  be  the 
better  diflinguifhed,  and  thefe  are  (hewn  at  Jig . 12,  as  they  lie 
between  the  air  vefsels. 

The  dark  ftreaks  which  are  reprefented  in  Jig.  11,  at  WYZ,  are 
a fmall  part  of  the  horizontal  vefsels  divided  longitudinally, 
and  which  vefsels  are  reprefented  in  Jig , 8,  between  G H, 
and  I K. 

To  this  defcription  I mull  add  a little  piece  of  the  fame  wood 
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which  I cut  longitudinally,  but  in  a different  manner  from  that 
defcribed  in  jig.  8 ; for  as  in  that  figure  the  wood  is  reprefented 
when  fo  fplit  that  the  air  vefsels,  and  thofe  fmaller  ones  which  I 
call  arteries,  and  alfo  the  horizontal  tubes  of  the  wood,  are  all  di- 
vided longitudinally,  here  on  the  contrary  the  perpendicular  vef- 
fels  are  fplit  or  divided  longitudinally,  but  the  horizontal  ones  are 
cut  obliquely. 

Ftg.  13,  L M N O,  reprefents  Rich  a particle  of  the  wood  in 
which  the  horizontal  vefsels  may  be  feen  placed  fo  clofe  to  each 
other  as  to  be  only  feparated  by  one  or  other  of  the  air  vefsels* 
Thefe  horizontal  vefsels  lying  fo  clofely  and  regularly  befide  each 
other  it  is  no  wonder  that  this  kind  of  wood  is  of  all,  the  molt, 
eafily  fplit,  and  ftraight  in  the  fplitting. 

I have  caufed  a feparate  drawing  to  be  made  of  thefe  horizontal 
tubes  or  vefsels  in  their  pofitions  adjoining  to  each  other,  in 
order  the  better  to  difimguifh  how  they  lie  among  the  perpendi- 
cular ones. 

Fig.  14.  PQ,  reprefents  thefe  horizontal  tubes  or  vefsels,  many 
of  which  are  feen  m jig.  13.  Thefe  vefsels  in  fome  places  lie 
twice  as  dole  together  as  they  do  in  others  ; and  upon  examining 
them  with  the  greateft  accuracy  I was  able,  I muft  fay  that  I faw 
two  kinds  of  thefe  horizontal  vefsels  or  tubes  of  the  wood,  one 
fort  of  which  was  fo  much  fmaller  than  the  other  as  aimoft  to 
efcape  the  fight. 

For  the  more  fully  elucidating  this  fubjeft,  and  for  the  infor- 
mation of  any  who  may  have  the  curiohty  to  repeat  my  obferva- 
tions,  I have  in  jig.  15,  given  a drawing  of  the  manner  in  which 
I cut  or  fplit  the  wood.  In  this  figure  ABCDF,  reprelents  the 
fourth  part  of  a round  piece  of  the  tree  or  a branch  of  it,  of  which 
B denotes  the  center  of  the  tree  or  branch  ; at  G is  fhewn  how 
the  particle  of  wood,  reprefented  in  Jig.  8?  was  fplit  off ; at  C? 
how  the  particle  reprefented  in  figures  11  and  12,  was  cut  off, 
and  at  E,  how  the  particle  reprefented  i njig,  13,  was  fplit  off. 
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I have  fometimes  (as  I before  hinted)  feen  fome  of  the  perpen- 
dicular or  afcending  vefsels  in  the  fir,  much  larger  in  diameter 
than  others;'  but  thefe  are  fo  few,  that  it  is  very  rare  to  obferve 
them. 

In  Jig . 8,  between  B and  C,  are  to  be  feen  the  minute  round 
apertures  in  thofe  parts  of  the  afcending  tubes  or  air  vefsels, 
where  the  horizontal  ones  are  feen,  which  apertures  I conceive 
are  deftined  to  tranfmit  air  or  the  juices  of  the  tree,  from  the  af- 
cending to  the  horizontal  vefsels. 

Thefe  difcoveries  of  mine,  refpe&ing  the  fmallnefs  or  thinnefs 
of  the  vefsels  or  tubes,  compofing  the  fubffance  of  trees,  may  not 
eafily  be  credited  by  many,  as  not  comprehending  how,  by 
reafon  of  their  exceeding  fmalinefs,  any  juice  or  liquor  can  poffibly 
pafs  through  them,  and,  what  is  more  difficult  to  conceive,  how 
through  fuch  vefsels  afcending  perpendicularly,  any  nutritive 
fubftance  can  be  derived  from  the  root  of  the  tree  to  the  extremi- 
ties of  the  upper  branches. 

But  as,  on  the  one  hand,  it  is  out  of  the  reach  of  our  finite  capa- 
cities to  comprehend  the  extent  of  the  Univerfe  ;*  fo  on  the  other 
we  are  equally  unable  to  conceive  the  minutenefs  of  the  vefsels  and 
component  parts  of  which  not  only  animals,  but  alfo  vegetables  are 
formed,  and  much  lefs,  how  the  parts  of  matter  are  united  toge- 
ther, or  how  one  part  grows  out  of,  or  is  added  to,  another. 

* This  fentiment  is  more  fully  expreffed  and  largely  dilated  on,  in  the  Spectator, 
No.  420,  and  many  of  the  reafonings  in  that  Paper  feem  to  have  been  taken  from  the 
difcoveries  then  newly  made  by  our  Author  and  his  cotemporaries. 


Of  the  WEEVIL  or  CORN-BEETLE. 


Wherein  the  common  Opinion  that  this  Life  hi  is  bred  in  Corn  f pont  ane- 
oujly , is  Jhewn  to  be  erroneous  ; the  true  nature  of  its  Generation  ex- 
plained; with  the  Means  to  pref  erve  Coin  from  its  Inf e Elion. 

X have  heard  it  ftrongly  argued,  that  the  Weevil  or  Corn- 
Beetle,  (which  is  a very  noxious  infeft,  well  known  to  corn-deal- 
ers and  bakers  in  this  country,)  is  produced  by  what  is  called 
equivocal  or  fpontaneous  generation,  that  is  to  fay,  from  inani- 
mate fubftances  without  any  parent.  The  principal  reafons  al- 
ledged  in  fupport  of  this  opinion  are,  that  we  often  find  this 
infeft  in  a new  granary,  where  never  wheat  was  kept  before, 
and  therefore  it  is  deemed  a neceffary  conclufion,  that  fuch 
Weevils  are  not  propagated  by  the  ordinary  courfe  of  generation. 
Again  it  is  faid,  that  we  may  open  many  grains  of  wheat,  which 
are  found  and  uninjured,  fo  that  no  mark  of  a perforation  or 
hole,  fhall  be  difcernible  on  the  outfide,  yet  within  thefe  grains 
{hall  be  found  perfeftly  formed  and  living  Weevils. 

The  anfwer  which  I have  given  to  thefe  arguments  has  been, 
that  thefe  little  animals  may,  by  ourfelves,  be  removed  from  one 
granary  to  another  without  our  knowledge  : for  fuppofing  the 
perfon  employed  to  remove  corn,  to  have  come  out  of  a granary, 
or  barn,  infefted  with  Weevils,  he  may  eafily  carry  fome  grains 
of  corn  containing  them,  or  fome  of  the  infefts  themfelves, 
flicking  about  his  clothes,  or  in  his  fhoes,  and  thus  remove  them 
into  a granary  where  none  had  ever  been.  Befides,  the  {hip, 
waggon,  or  cart,  employed  to  carry  corn,  may  be  infefted  with 
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Weevils,  by  having  carried  grain  in  which  they  abound,  and  thus 
from  a few  of  thefe  infers,  multitudes  may  be  produced  by  the 


ordinary  courfe  of  generation* 

J o 

But  in  order  fully  to  inveftigate  the  truth  of  this,  1 defired 
the  perfons  who  had  argued  this  matter  with  me,  to  bring  me 
the  fir  ft  Weevils  they  themfelves  fhould  find,  (it  being  then  the 
W' inter  feafon) ; and  on  the  13th  of  March,  I received  feme 
grains  of  wheat,  (many  of  which  had  the  infides  eaten  away)  mix- 


ed with  Weevils. 


I took  three  glaiTes,  in  each  of  which  I put  fix,  eight,  or  nine 
Weevils,  and  eight,  ten,  or  twelve  grains  of  wheat,  which  wheat 
I was  the  more  allured  could  not  be  infefted,  becaufe  it  had  been 
kept  for  feveral  months,  clofely  covered  up,  in  my  ftudy.  In  a 
fourth  glafs  I put  feme  Weevils  without  any  wheat,  but  this  laft 
inode  of  experiment  I afterwards  rejected,  obferving  that  in  the 
fpace  of  twelve  days  they  all  died.  As  to  the  other  three  glaffes, 
the  weather  being  cold,  and,  obferving  the  animals,  for  the  molt 
part,  to  lie  motionlefs,  I put  them  into  a leather  cafe,  which  I 
always  carried  about  me.  And  I had  no  doubt,  but  I fliGuld 
clearly  prove  to  all,  that  the  Weevil  proceeds  from  a maggot,  for 
which  reafon  I frequently  examined  thefe  objeóis  by  the  microf- 


cope. 

X 

Ï,  at  fir  ft,  entertained  an  opinion,  that  the  Weevil,  like  the 
Silk- Worm’s  moth,  and  many  other  infefts,  did  not,  while  in 
that  ftiape,  take  any  food  : but  herein  I found  myfelf  miftaken,  and 
obferved  that  the  Weevil  not  only  feeds  upon  wheat,  but  that  it 
can  excavate  or  fcoop  out  the  whole  contents  of  every  grain,  and 
creep  about  in  the  infide,  being  provided  with  a beak,  or  trunk  of 
a great  length,  in  proportion  to  the  fize  of  it’s  body,  at  the  ex- 
tremity of  which  are  certain  exceedingly  fmall  organs,  or  inftru- 
ments  like  teeth,  and  with  thefe  it  can  bore  or  pierce  through  the 
outward  hulk  or  {hell  of  the  wheat,  and  thus  open  to  itfelf  a 
paffage  to  devour  the  contents. 
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At  a fortnight's  end,  namely,  on  the  27th  of  March,  I obferved 
fome  of  thefe  Weevils  coupled  together,  and  from  this  time  I fre- 
quently infpefted  them,  but  faw  no  appearance  of  any  living  crea- 
ture being  produced  from  them  until  the  10th  of  June,  when  I 
obferved  lying  among  the  Weevils  and  the  wheat,  two  fhort  and 
thick  little  maggots,  one  of  them  about  the  fize  of  a large  grain 
of  fand,  and  the  other  about  one  fourth  part  larger:  feeing  this, 
I opened  one  of  the  giaffes  in  which  I had  enclofed  fix  Weevils, 
and  examined  the  different  grains  of  wheat  that  had  been  put  in 
with  them,  and  found  two  of  them  to  he  entirely  hollow  and 
empty  ; from  another  of  the  grains,  which  by  the  external  appear- 
ance was  the  leaf!  eaten  or  confumed,  but  had  many  fmall  per- 
forations or  little  holes  not  difcernible  by  the  naked  eye,  I drew 
out  a perfeftly  formed  Weevil,  which  was  of  a yellow  colour  : 
whereas  thofe  which  were  atfirft  brought  to  me,  and  had  been  fhut 
up  in  the  glafs  for  three  months,  were  of  a deep  red,  alrooft  ap- 
proaching  to  black. 

In  another  grain  of  the  wheat  I found  a Weevil,  of  a very  pale 
or  white  colour,  with  it’s  claws,  horns,  and  beak,  or  trunk,  lying 
clofe  to  it’s  body,  in  ex  aft  order,  as  we  fee  the  wdngs  and  legs 
of  a Silk- Worm's  chry falis  or  aurelia,  when  it  is  almoft  arrived  at 
the  ffate  of  a flying  inleft,  only  with  this  difference,  that  the  un- 
formed Weevil  is  not  inclofed  in  a (hell  or  cafe,  like  the  aurelia  of 
a filk  worm. 

In  other  grains  of  the  wheat  I found  maggots  of  different  fizes, 
and  from  one  grain  I took  out  a perfectly  formed  Weevil? 
whole  white  colour  was  changing  to  a red,  and  which  was  con- 
tinually in  motion. 

Examining  the  other  giaffes.  I found  foroe  of  the  grains  of 
wheat  perforated  with  little  holes,  and  others  half  eaten.  Some 
of  the  Weevils  which  had  been  fhut  up  in  thefe  giaffes  I opened, 
and  in  one  of  the  females,  I found  five  white  esrgs,  which  I 
conceived  to  be  of  their  full  fize:  in  others  I obferved  eggs, 
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lome  of  which  were  arrived  to  maturity,  and  others  gradually 
lefs  and  lefs. 

Hence  I concluded,  that  whereas  the  Silk-Worm?s  moth,  living 
only  a few  days,  in  that  time  lays  a multitude  of  eggs  and  then 
dies  : on  the  contrary,  the  Weevil,  which  every  day  produces 
but  few  eggs,  is  a long-lived  animal,  and  by  this  means  may  be  as 
prolifick  as  Silk-Worms  or  other  infefts  : for  the  Weevils  which  I 
am  now  treating  of  were  all  alive  the  preceding  fummer. 

As  to  the  two  maggots  which  I at  firfl:  found  in  the  glafs  among 
the  wheat,  I had  no  doubt  that  they  had  fallen  out  of  the  grains 
wherein  they  had  been  firft  depofited,  by  reafon  that  thofe 
grains  had  been  rather  too  much  eaten  away  before  the  eggs  were 
laid  in  them,  and  the  holes  which  had  been  made  in  them  rather 
too  large  ; and,  as  all  creatures,  however  minute,  are  endowed 
with  moil  admirable  faculties  and  powers  to  anfwer  the  ends  of 
their  creation,  I think  it  very  probable  that  the  large  trunk  or 
beak  with  which  this  infecl  is  provided,  (furnifhed  with  teeth 
or  pincers,  which  open  and  fhut  in  exaft  correfpondence  with 
each  other,)  is  given  to  it  of  fuch  a length  that  it  may  be  enabled 
to  bore  a fmall  deep  hole  in  every  grain  of  wheat,  and  therein 
depofit  an  egg,  otherwife  the  maggots  breeding  from  thefe  eggs 
would  never  grow  to  maturity:  for  if  a Weevil  were  to  lay  it's 
egg  on  the  outfide  of  a grain,  and  a maggot  ffiould  be  hatched 
from  ii,  fuch  a maggot  could  not  pofhbly  pierce  the  hufk  of  the 
wheat.  Again,  were  a Weevil  to  lay  more  than  one  egg  in  one 
grain,  and  all  thefe  eggs  produced  maggots,  they  would  hinder 
each  other s growth,  for  want  of  having  fufficient  nourishment^ 
inafmueh  as  one  grain  is  not  more  than  fufficient  to  nouriffi  one 
maggot,  and  fo  to  produce  one  Weevil. 

I obferved  in  opening  one  grain  in  which  a fmall  hole  had  been 
made,  and  out  of  which  I took  one  fingle  egg,  that  round  about 
that  part  where  the  egg  was  placed,  the  mealy  fubftance  of  the 
wheat  had  been  loofened  or  reduced  to  powder,  from  whence  I 
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concluded  that  the  parent  Weevil,  before  it  laid  the  egg,  had  by 
means  of  it’s  trunk,  feparated  the  particles  of  meal  in  that  part, 
both  to  make  a foft  place  for  the  egg  to  lie  in  ; and  alfo,  that 
when  the  minute  maggot  (hould  creep  out,  it  might  find  this  foft 
and  loofened  meal  prepared  for  it’s  firfi  feeding  on. 

Some  of  thefe  maggots  I placed  in  glafies  by  themfelves,  and 
obferved  them  gradually  to  affume  the  form  of  Weevils,  the  beak, 
horns,  and  claws,  appearing  by  degrees,  and  the  colour  alfo 
changing  from  a white  to  a yellow,  and  then  to  the  red  colour  of 
the  Weevil. 

As  I had  obferved,  that  none  of  thefe  infeCts  which  were  kept 
in  glaffes  together  with  grains  of  wheat,  ever  depofited  their  eggs 
on  the  glafs,  I put  three  females  into  a glafs  by  themfelves,  and 
in  the  fpace  of  twenty-four  hours  they  laid  four  eggs.  One  of 
which  eggs  drawn  from  the  microfcope,  is  reprefented  in  Plate  II. 
Jig.  l.  ABC.  In  the  fpace  of  feven  days  thefe  eggs  produced  the 
kind  of  maggots  before  mentioned,  which,  when  firft  hatched, 
were  not  larger  than  a grain  of  fand,  and  one  of  thefe  as  lying 
on  its  back,  and  drawn  from  the  microfcope  is  reprefented  at 
Jig.  2.  wherein  D E F,  is  the  head  and  FGD  the  body.  This 
maggot  was  in  continual  motion,  but  when  a little  at  reft,  it  con- 
tracted its  body  together,  and  in  this  pofition  the  limner  drew  its 
figure,  and  when  it  attained  to  its  full  fize,  the  fhape  remained 
the  fame  until  the  time  approached  for  its  being  changed  into  a 
Weevil.  Another  maggot  which  I had  fixed  or  faftened  by  its 
hind  part  before  the  microfcope,  I caufed  to  be  drawn  when  it 
extended  its  body,  and  this  is  fhewn  at  fig.  3.  HIK. 

Thefe  maggots  have  very  little  ftrength  to  move  from  place  to 
place,  fo  that  it  feems  defigned  by  nature,  that  they  fliould  be  fed 
no  where  but  in  grains  of  corn:  for  if  a Weevil  were  to  depofit  its 
egg  in  any  place,  except  in  the  infide  of  a grain,  it  would,  in  my 
opinion,  be  impoffible  for  the  maggot  thence  produced  to  pro- 
cure any  nourifhment  and  become  a perfect  Weevil. 
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Thefe  things  confidered,  we  may  be  fully  fatisfied  refpe&ing 
the  reafon,  why  in  corn,  which  is  frequently  moved  and  fhifted, 
the  Weevil  can  increafe  but  little:  for  fuppofmg  one  or  thefe 
infefts  to  have  pierced  and  prepared  two  or  three  grains 
ready  to  depofit  it’s  eggs,  and  foon  afterwards  the  corn  is  moved 
or  fpread  about,  the  animal,  when  it  is  ready  to  lay  an  egg,  find- 
ing no  grain  prepared  to  receive  it,  mud  leave  fuch  egg  on  the 
outfide  of  the  corn,  where  the  young  maggot,  when  hatched,  will 
be  in  the  fame  fituation  as  feed  fown  in  barren  land  ; and  con- 
fequently  mu  ft  perifti..  But  if  fuch  corn  is  undifturbed,  the 
Weevil  may  multiply,  in  a great  degree,  by  depofiting  its  eggs  in 
the  grains  fitly  prepared  for  them,  and  which  may  be  confidered 
as  fo  many  nefts  for  the  reception  of  the  young.  Again,  the  long 
life  of  this  infeft  caufes  it  to  multiply  exceedingly,  for  the  Weevils 
which  I received  in  the  month  of  March,  (the  youngeft  of  which 
was  undoubtedly  a year  old,)  were  alive  and  vigorous  in  June 
following,  and  who  can  tell  how  long  the  natural  life  of  this  infeft 
tnay  be  ? 

For  the  information  of  thofe  who  never  faw  a Weevil,  one  of 
thefe  infefis  is  reprefented  of  its  natural  fize  at  fig.  4,  X,  and  un- 
derneath it,  I have  given  a drawing  of  ids  beak  or  trunk,  as  feen 
by  the  microfcope,  to  (hew  by  what  organs  or  inftruments  this 
creature  is  enabled  to  pierce  the  corn,  partly  to  feed  on  the  con- 
tents, and  partly  to  depofit  it’s  eggs  in  the  final  I holes  it  makes 
therein  : for,  as  other  animals  are  taught  by  nature  to  prepare 
their  nefts  for  the  reception  and  fupport  of  their  young,  fo  it  is 
the  peculiar  inftindt  of  the  Weevil  to  aim  at  depofiting  it’s  eggs 
in  no  other  place  than  where  the  little  animals  produced  from 
thofe  eggs  {hall  be  able  to  find  fubfiftenee,  and  this  is  in  the  grains 
of  corn. 

At  M N O P is  reprefented  the  probofcis,  trunk,  or  beak 
of  the  Weevil,  which  naturally  is  not  fo  ftraight  as  here  pictured, 
but  appears  bent  downwards  when  feen  tideways,  as  marked 
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cit  M Q O;  but  had  the  figure  been  drawn  in  that  view,  the 
opening  at  the  extremity  with  its  pincers  or  teeth  would  not  have 
been  vifible,  as  it  is  now  to  be  feen  at  O:  within  this  mouth  or 
orifice  are  two  (tings  or  piercers  which  are  continually  in  motion 
and  one  of  which  is  feen  in  the  figure,  but  I never  cbferved  the 
animal  to  protrude  or  thruft  thofe  Rings  or  piercers  farther  than 
the  extremity  of  the  pincers  at  O ; fo  that  I imagine  the  only  ufe 
of  thefe  organs  is  to  break  or  divide  the  hulks  of  the  wheat  and 
the  meal  within  it  ; and,  having  frequently  contemplated  this 
animal,  while  feeding,  I obferved  it,  after  having  thruft  its  trunk 
into  a grain  of  wheat,  to  ftick  fo  clofely  to  it,  that,  though 
toffed  about,  it  would  not  let  go  its  hold. 

S T,  are  the  two  horns ; L M R,  is  part  of  the  head  ; and  at  M 
are  reprefented^  a collection  of  globules,  which  through  the 
microfcope  exibit  the  fame  appearance  as  if  by  the  naked  eye  we 
were  to  fee  a parcel  of  very  minute  black  coral  beads  placed  in 
exaft  order  clofe  together  ; and  this  I concluded  to  be  one  of  the 
eyes. 

I am  not  very  fond  of  drawing  the  whole  bodies  of  final!  ani- 
mals from  the  microfcope,  becaufe  I confider  that  to  be  of  little 
utility,  and  this  is  the  reafon  why  1 have  only  given  a figure  of 
part  of  this  infeft  when  magnified. 

I truft  that  thefe  experiments  and  obfervations  will  prove  that 
Weevils  cannot  be  produced,  otherwife  than  by  propagation,  that 
is  to  fay,  by  copulating  and  laying  eggs,  from  which  eggs  maggots 
proceed;  and  finally  thofe  maggots  are  changed  into  Weevils. 
Rut  whether  the  vulgar  will  be  hereby  convinced  of  the  error  of 
their  opinion  in  this  refpeft,  I much  doubt,  being  continually 
peftered  with  their  objeÉiions  to  what  I have  advanced.  It  is, 

* To  thofe  who  have  not  been  much  converfant  in  thefe  objects,  it  may  feem  fl range 
that  a collection  of  globules  or  little  balls  fhould  conflitute  but  one  eye  ; but  fuch  readers 
will  be  pleafed  to  underhand,  th^t  in  raoft  infects,  each  eye  is  formed  of  a great  number 
of  fmaller  optical  organs,  or  eyes,  and  this  fubjcct  will  be  found  amply  difcuiied  in  the 
courfe  of  this  work. 


however,  with  me,  a mod  certain  truth,  that  what  1 have  demon- 
((rated  refpefting  the  Weevil,  namely,  that  it  cannot  be  pro- 
duced otherwife  than  by  generation,  does  alio  hold  good  with 
regard  to  all  creatures  endued  with  life  and  motion.  And  al- 
though this  is  a very  minute  animal,  yet  it  s fpecies  mu  ft  have 
been  continued  in  the  way  I have  laid  down,  from  it5s  firft  being 
formed  at  the  creation  : and  were  it  otherwife,  namely,  that  from 
inanimate  matter,  fuch  as  (tones,  wood,  earth,  plants,  or  feeds, 
this  or  any  other  animal  (hould  be  produced,  that  would  be  a 
departure  from  the  general  courfe  of  nature  ; and  fuch  formation 
or  new  creation,  mud  be  continually  derived  from  the  fupreme 
Almighty  Creator. 

Probably  what  I here  advance  may  appear  ftrange  to  fome, 
and  they  may  perhaps  wi(h  me  to  enquire  into  the  propagation 
of  other  minute  animals ; but  for  the  prefent  I leave  the  profe- 
cution  of  thefe  matters  to  thofe  who  may  chufe  to  beftow  as  much 
labour  thereon  as  I have  done  in  this  examination  of  the  Weevil, 
affuring  them  that  my  obfervations  are  the  refill t of  more  thaa 
fout  months  application  to  the  fubjefft 
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Of  the  Maggot  or  Caterpillar  infejling  Corn  in  Granaries  ; the  Nature 
of  its  Ge?ieration  explained , and  the  means  to  prevent  its  Increafe 
pointed  out . 

Having,  as  i hope*  by  my  Obfervations  on  the  Weevil,  com 
vinced  mankind,  that  it  is  propagated  in  the  ordinary  way  of  gene- 
ration, I have  fince  employed  myfelf  in  the  examination  of  that  In- 
feft  or  maggot  which  our  Bakers  and  Corn-dealers  name  de  Wolf” * 
This  creature  is  a very  fmall  white  maggot,  provided  with  two 
red  pincers,  or  organs  like  teeth,  placed  in  the  fore  part  of  its 
head,  by  which  it  not  only  feeds  on,  and  confumes  wheat,  and 
other  grain,  but  alfo  can  perforate  or  gnaw  holes  in  wood.  The 
common  opinion  is,  that  it  is  produced  from  corruption,  or  elfe 
from  what  fome  call  a blight.  But,  in  order  to  refute  this  vulgar 
error,  I procured,  from  a Merchant,  a box  of  wheat,  in  which 
this  infeft  abounded,  that  I might  difcover  to  all,  the  real  manner 
of  its  propagation. 

Upon  infpefting  this  wdieat,  I found,  that  one  fingle  maggot  had 
ftuck  or  fafiened  together  from  live,  to  fix,  feven,  or  even  eight, 
grains  of  wheat,  in  one  of  which  itfelf  was  concealed,  and  that 
in  oft  of  the  other  grains  wTere  hollowed  or  fcooped  out  in  the 
middle  ; and  it  feems  to  me  that  this  maggot  is  much  more  per- 

* That  is,  in  Englifh,  44  the  Wolf.”  This  Infeft  is  not  much  known  in  England 
among  the  country  people,  for  the  Tranflator  having  procured  Irom  an  Importer  of 
Coin,  a [ample  of  Prufhan  wheat  infefied  with  it,  and  fhewn  it  to  feveral  farmers,  the 
appearance  feemed  new  to  them,  nor  could  they  aflign  to  the  animal  any  name  in  Englifh. 
But  to  the  Dutch,  who  have  always  been  great  importers  and  exporters  of  corn,  it  feems 
to  have  been  familiar,  and  the  Author’s  remarks  on  this  fubjecf  may  be  well  worthy  the 
attention  of  our  Englifh  merchants. 
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nicious  than  the  Weevil,  becaufe  it  fcatters  a great  quantity  of  its 
excrements  in  the  fhape  of  white  round  balls,  which  are  very  large 
in  proportion  to  the  iize  of  its  body. 

Moreover,  this  maggot  has  in  the  anterior,  or  fore  part  of  its 
head,  an  organ,  or  inftrument,  through  which  it  continually  fpins 
an  exceeding  fine  thread,  which  thread  it  fixes  to  every  fubftance 
it  approaches.  By  this  means  its  body  is  always  fupported  fo  that 
it  cannot  fall,  and  in  a clean  glafs  it  can  move  from  place  to  place, 
being  fufpended  by  this  thread,  and  by  this  thread  aifo  it  connects 
or  binds  the  grains  of  wheat  together. 

Some  of  this  wheat  I put  into  a glafs  tube,  about  the  fize  of 
a finger,  and  a foot  in  length,  doling  each  end  with  a good 
ftopper,  and  the  reft  of  the  wheat  I kept  in  a wooden  box.  But, 
towards  the  end  of  the  dimmer,  I obferved  feveral  of  the  maggots 
forfaking  the  wheat,  and  faftening  themfeives  to  the  glafs,  and 
others  of  them  I faw  creeping  about  among  my  papers,  and  I 
found  the  box,  in  which  I had  put  them,  perforated  in  two  places, 
through  which  many  of  them  had  efcaped.  I alfo  faw  the  ftopper 
to  the  glafs  tube  gnawed  into,  as  deep  as  the  thicknefs  of  a finger,  and 
upon  taking  it  out,  I found  that  eight  or  ten  of  the  maggots  had 
crept  into  it ; upon  which  I placed  them  again  in  the  glafs  tube, 
with  the  grains  of  wheat,  and  flopping  the  orifices  with  a cork,  I co- 
vered the  cork  on  the  outfide  with  fealing-wax,  to  prevent  the 
maggots  again  efcaping,  but  at  the  fame  time  I contrived  a fmall 
aperture  that  they  might  not  be  deprived  of  air.  Plate  II.  jg,  5. 
ABCD  reprefents  the  glafs  tube,  of  which  AD,  and  BC  are 
the  two  extremities,  each  clofed  with  a ftopper  covered  with  fealing- 
wax  ; E G and  FH  are  two  fmall  glafs  tubes,  paiTed  through  the 
floppers,  to  fupply  the  maggots  with  frefli  air,  but  thofe  apertures 
were  fo  fmall  as  not  to  permit  their  efcape. 

About  the  fame  time  that  I was  employed  in  thefe  obfervations,  I 
vifited  a granary  inlefted  with  this  infedt,  and  faw  the  maggots,  in 
great  numbers,  creeping  up  the  walls,  from  whence  I concluded, 
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that  in  like  manner  as  the  maggots  in  the  glafs  tube  quitted  the 
wheat,  and  lodged  themfelves  in  the  floppers,  fo  in  the  granary 
they  concealed  themfelves  in  the  linings  and  beams,  until  their 
transformation  into  flying  infefts  fliould  be  compleated.  And  1 was 
confirmed  in  this  opinion  by  obferving  the  granary  to  have  been 
fo  perforated,  or  eaten  into  by  thefe  maggots,  that  not  a finger  s 
breadth  was  left  untouched  by  them. 

I alfo  obferved  that  great  part  of  the  hopper  which  was  within 
the  glafs  tube,  was  gnawed  or  reduced  to  powder,  and  many  chinks 
or  crannies  formed  in  it,  and  though  the  maggots  endeavoured  to 
conceal  themfelves  within  the  flopper,  yet  three  of  them  remained 
in  the  glafs,  in  which  they  lay  quiet  the  whole  winter,  and  they 
were  fo  little  covered  with  their  web  or  thread,  that,  with  the 
microfcope,  I could  difcover  them  move  their  heads. 

On  the  29th  of  the  April  following,  I faw  them  begin  to  affume 
a reddifn  colour,  and  to  be  fomewhat  contracted  in  length  ; the 
next  day  the  rednefs  increafed,  and  they  feemed  to  me  to  be 
turned  into  aurelias. 

At  the  fame  time,  upon  examining  the  wheat,  which  was  kept 
in  the  box,  and  had  been  full  of  the  maggots,  I found  that  they 
had  all  efcaped  through  the  holes  perforated  by  them  in  the  box. 

On  the  23d  of  May,  the  aurelias  before-mentioned,  had  become 
of  a red  colour,  and  the  next  day  I faw  a flying  infeCl,  which  is 
called  a Moth,  fluttering  about  the  glafs  tube.  This  had  pro- 
ceeded from  one  of  the  aurelias,  which  had  been  the  chief  fubjeCl 
of  my  obfervations,  and  I faw  lying  near  it,  a pellicle,  or  little 
fkin,  which  had  been  the  cafe  or  (heath  in  its  aurelia  flate. 

Two  days  before  I difcovered  this  moth,  I had  obferved  feveral 
of  the  fame  winged  infeCts  flying  about  my  ftudy,  two  of  which 
I killed,  and  upon  examining  them  by  the  microfcope,  I found 
them  to  be  formed  in  the  fame  manner  with  this  in  the  glafs,  lo 
that  I was  convinced  they  had  proceeded  from  fome  of  the 
maggots  which  had  efcaped  out  of  the  box.  And  on  the  25th  of 
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May  I fawtwo  more  moths  come  out  of  the  (topper  to  the  tube, 
leaving  their  (hells  or  cafes  hanging  to  it. 

As  many  perfons  are  unacquainted  with  the  figure  of  thefe 
moths,  I have  caufecl  a drawing  to  be  made  of  them,  which  is  to 
be  feen  at  fig.  6,  A A;  and  alfo  a drawing  of  the  covering,  {hell 
or  cafe  which  enclofes  them  while  in  their  aurelia  flate,  jig.  7.  PO. 
Thefe  figures  were  drawn  of  the  natural  fize,  and  if  I had  not  had 
ocular  proof  of  it,  I could  not  have  believed  it  poffible  for  the 
moths  to  come  out  of  fo  fmall  a cafe  or  covering  as  is  here 
pi&ured.* 

On  the  fame  25th  of  May,  I went  to  the  granary,  where,  the 
preceding  autumn  I had  feen  the  maggots  before-mentioned  creep- 
ing up  the  walls,  and  there  I faw  a number  of  moths,  fome 
clinging  to  the  wall,  and  others  flying  about.  I had  brought  with 
me  fix  glafs  tubes,  and,  as  it  was  eafy  to  diflinguifh  the  males  from 
the  females,  the  former  being  (mailer  than  the  latter,  I put  in  each 
of  thefe  glafles  fome  of  both  fexes. 

At  my  return  home,  I diflefted  three  of  thefe  females,  and,  by 
the  mod  accurate  reckoning  I could  make,  I found  in  each  of  their 
bodies  upwards  of  fifty  eggs.  At  another  time,  I judged  that  I 
took  out  of  another  female  moth,  above  feventy  eggs.  Thefe 
eggs  were  exaftly  the  fhape  of  hens  eggs,  but  no  larger  than  final! 
grains  of  fand.  The  reft  of  the  moths  which  I had  brought  from 
this  granary,  and  kept  alive,  laid  many  eggs,  and  one  of  them 
produced  to  the  number  of  feventy. 

I next  confidered,  whether  the  moths,  which  thus  propagate 
the  pernicious  infeót  I am  treating  of,  might  not,  by  fome  means, 

* This  obfervation  of  the  Author  is  corroborated,  and,  at  the  fame  time,  the  appear- 
ance can  he  accounted  for  by  a circumftance  which  was  fome  years  ago  communicated  to 
the  tranflator  by  a curious  obferver  oi  the  change  of  aurelias  into  butterflies  and  moths, 
namely,  that  immediately  after  their  emerging  trom  the  fhell,  or  covering,  which  indofes 
them,  they  increafe  in  fize  fo  rapidly,  particularly  in  the  wings,  that  their  growth  may 
be  difcerned  by  the  eye. 
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be  deftroyed  in  the  granaries,  fo  as  to  prevent  their  propa^ 
gation. 

For  this  purpofe  I took  a round  glafs  veffel,  large  enough,  as 
I fuppofed,  to  hold  fix  pints  of  water,  and  in  it  I put  eight  living 
moths  newly  taken.  In  the  orifice  of  this  vefiel  I fet  fire  to  the 
fourth  part  of  a grain  of  fulphur,  and  as  foon  as  the  moths  began 
to  feel  the  vapour  or  fin  ok  e of  the  fulphur,  they  fluttered  about 
the  glafs  with  great  violence,  though  but  for  a fiiort  time,  for 
they  all  fell  to  the  bottom,  and  after  a little  motion  in  their 
their  feet,  they  died.  Four  hours  afterwards,  I took  them  out  of 
the  glafs,  and  put  into  it  feme  frefli  ones  alive,  in  order  to  repeat 
the  experiment,  but  while  I was  preparing  to  burn  the  fulphur,  1 
faw  them  all  lie  dead,  they  having  been  killed  with  the  bare  odour 
of  the  fulphur  which  had  been  left  in  the  glafs. 

From  the  fize  of  this  glafs,  I computed  what  quantity  of  fulphur 
would  be  requifite  to  fumigate  a granary  twenty-four  feet  long, 
fixteen  broad,  and  eight  feet  high,  and  I reckoned  that  half  a 
pound  would  be  fufficient  for  the  purpofe. 

After  this  I fumigated  a granary,  in  which  were  eight  loads 
of  wheat,  and  a great  number  of  moths  flying  about.  For  this 
purpoie  I took  two  pieces  of  fulphur,  containing  about  a quarter 
of  a pound,  prepared  in  the  fame  manner  as  is  done  by  wine» 
merchants  or  coopers,  to  fumigate  their  wine  cafks.  Thefe  pieces 
of  fulphur  I fufpended  by  a brafs  wire,  in  a tall  earthen  veflel, 
with  a narrow  top,  and  placed  the  veffel  in  an  earthen  difh,  to 
prevent  any  danger  of  fire.  This  apparatus  I fet  in  the  middle  of 
the  wheat,  and  as  foon  as  the  fulphur  began  to  burn,  I retired 
out  of  the  granary  and  (hut  the  door.  In  a large  granary  two  or 
three  of  thefe  veffels  might  be  ufed. 

Two  days  afterwards,  I vifited  the  granary,  and  then  I faw 
feveral  moths  fill  I clinging  to  the  wall  and  beams,  but  before  the 
fumigation,  I believe  there  were  ten  times  as  many.  And  I ac» 
counted  for  thefe  moths  being  found  alive,  by  reafon  that  .many 
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of  the  panes  of  glafs  in  the  windows  were  broken,  through  which 
much  of  the  fmoke  of  the  fulphur  had  efcaped,  or  elfe,  that  the 
moths  which  I now  faw,  had  come  out  of  their  aurelia  ftate  after 
the  fumigation  was  over,  for  I am  well  affured,  that  fo  long  as  the 
moths  are  inclofed  in  their  aurelia  cafe,  or  covering,  the  fmoke  of 
fulphur  cannot  do  them  any  injury.  Therefore  it  will  be  necef- 
fary  for  thofe  who  may  chufe  to  fumigate  their  granaries  in  the 
manner  I have  recommended,  to  begin  the  operation  as  foon  as 
ever  the  moths  appear,  that  they  may  be  prevented  laying  their 
eggs,  and  alfo  to  continue  the  ufe  of  it  fome  days,  indeed  as  long 
as  any  moths  are  to  be  feen,  becaufe  thefe  creatures  do  not  all 
come  out  of  their  aurelia  ftate  at  the  fame  time.  The  ex  pence  of 
fumigating  is  no  objeft,  for  a pound  of  fulphur  may  be  bought 
for  a trifle,  and  it  is  in  no  fort  injurious  to  the  wheat,  nor  is  it 
prejudicial  to  the  health  of  any  perfon,  but  rather  falubrious*. 

Towards  the  end  of  fummer,  when  the  maggots  quit  the  wheat, 
and  creep  up  the  walls,  they  may  eafiiy  be  fwept  down  and  de- 
ft royed,  for  this  in  left  is  a very  tender  animal,  and  foon  killed. 
And  thefe  precautions  being  obferved,  very  few  moths  will  be  feen 
the  following  year. 

Some  of  the  eggs  laid  by  thefe  moths  I put  in  glafles  by  them- 
felves,  which  I carried  about  in  my  pocket,  others  of  them  I 
placed  in  my  ftudy,  and  I obferved  that  thofe  which  I carried 
about  me  were,  by  the  heat  of  my  body,  much  fooner  hatched  than 
thofe  which  were  in  my  ftudy,  for  thefe  latter  were  fix  teen  days 
before  the  maggots  crept  out  of  them  ; but  at  feven  days  end 
thofe  in  the  former  made  their  appearance. 

One  of  thefe  maggots,  when  newly  hatched,  I put  into  a glafs 
tube,  the  infide  of  which  was  about  the  fifth  part  of  an  inch  wide, 
and  having  placed  this  before  the  microfcope,  I gave  it  to  the 
limner  to  make  a drawing  of,  but  as  it  was  impofiible  for  him  to 


# This  opinion  is  confirmed  by  Dr.  Hodges,  and  Dr.  Mead, 
Plague. 


in  their  Trcatifes  on  the 
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draw  all  the  minute  parts  of  it,  he  drew  it  without  the  feet*  as  is 
fhewn  in  fig.  8,  K L.^  The  fore  part  of  this  maggot  is  provided 
with  fix  feet,  which  fometimes  could  be  difcerned  when  the  animal 
lay  flat  on  its  belly,  and  thefe,  with  part  of  the  body  are  {hewn  at 
jg . g , M N.  In  the  hind  part  are  various  organs  aflifting  in  it's 
motion.  This  maggot,  although,  when  newly  hatched  it  appeared 
no  longer  to  the  naked  eye  than  is  defcribed  in  the  center  of  the 
circle  at  fig.  10,  was  yet  twice  the  length  of  the  egg  from  which  it 
was  produced. 

As  I obferved  fome  of  thefe  young  maggots  to  be  dying,  I put 
fome  grains  of  wheat  into  the  glafs,  and  foon  afterwards  the  living 
ones  difappeared,  whence  I concluded  that  they  had  found  their 
way  into  the  wheat,  and  in  three  or  four  days  time  I faw  their 
excrements  fcattered  about  the  glafs. 

I have  often  contemplated  the  {hells  of  the  eggs  from  whence 
thefe  maggots  proceeded,  and  obferved  veflels  in  them  in  the 
nature  of  net-work,  which  I could  not  diftinguifh  while  the  eggs 
were  full.  A drawing  of  one  of  thefe  is  given  at  fig.  n,  RSTV, 
but  as  the  eggs  are  exceedingly  minute,  this  drawing  was  made 
from  a microfcope  of  greater  magnifying  power  than  that  from 
which  the  former  figures  are  drawn.  S T V is  the  broken  {hell  of 
the  egg  in  the  part  where  the  young  maggot  crept  out. 

The  moths  I have  been  defcribing  are  very  pretty  objefis  to 
behold,  the  wings,  which  are  four  in  number,  being  white, 
fprinkled  all  over  with  black  fpots  ; and  on  examining  them  by 
the  microfcope  I found  that  this  whitenefs  proceeded  from  the 
white  feathers  on  the  wings,  and  that  the  black  fpots  were  caufed 
by  other  feathers  which  were  black  at  the  edges.  Some  thoufands 
of  thefe  feathers  I faw  flicking  to  the  glafies  in  wliich  I kept  the 

* This  figure  does  not  feem  taken  with  To  much  exaftnefs  as  is  generally  found  in  thofe 
given  bv  Mr.  Leeuwenhoek,  therefore  the  Tranflator  has  caufed  a drawing  from  one  of  the 
maggots  when  full  grown,  to  be  made  of  the  lame  fiize  it  appears  to  the  naked  eye,  and 
this  is  to  be  feen  at  fig.  12. 
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moths,  which  in  their  fluttering  againff  the  glafs  or  one  another, 
had  been  rubbed  off  their  wings  and  other  parts  of  their  bodies ; 
and  to  the  naked  eye,  exhibited  the  appearance  of  a vapour  or 
fmoke  on  the  glafs. 

Though  I examined  fome  thoufands  of  thefe  feathers,  they  were 
all  fo  differently  formed,  that  I cannot  fay  I faw  two  exaftly  alike. 
Fig.  13,  A B,  C D,  E F,  reprefents  three  of  the  largeft  of  them,  when 
feen  through  the  microfcope.  At  their  broad  ends,  they  are  tinged 
with  black,  and  when  feveral  of  them  lie  clofe  together,  they 
exhibit  a black  fpot.  Others  of  thefe  feathers,  as  fig.  14,  G 
I K,  L M,  are  tranfparent,  but  when  lying  one  on  another 
they  produce  the  whitenefs  I have  mentioned.  All  of  them, 
although  fo  very  minute,  have  quills  like  the  feathers  of  birds,  by 
which  they  are  fixed  or  rooted  in  the  membrane  that  forms  the 
wing,  and  fo  completely  cover  it  that  it  cannot  be  feen. 

The  feathers,  which  cover  the  edges  of  the  wings,  are  much 
longer  than  the  others,  and  of  different  fhapes  ; five  of  them  are 
reprefented  at  fig.  13.  RS,  TVW,  and  at  fig.  16,  N O P O,  are 
(hewn  a number  of  the  frnall  feathers  of  different  fhapes. 

This  maggot,  which  among  us  is  called  the  wolf,  is  not  only 
mifchievous,  by  devouring  corn,  but  it  is  of  that  fpecies  which 
is  found  in  houfes,  and  gnaws  holes  in  wood,  alfo  in  boxes  and 
books,  and  likewife  hides  itfelf  in  woollen  garments,  eating  holes  in 
them,  and  at  length  becomes  a flying  infeft,  named,  as  before  men- 
tioned, a moth. 

This  moth,  of  itfelf,  is  very  innocent,  for  while  in  that  flate,  it 
does  not,  as  I could  difcover,  take  any  food,  but,  if  not  defl roved 
in  time,  one  female  may  produce  feventy  maggots,  for  out  of 
'upwards  of  feventy  eggs,  laid  by  one  moth,  I only  faw  one  barren; 
and  in  three  others  of  the  eggs,  I could  difcern  the  maggots 
lying  dead,  by  reafon,  as  I fuppofe,  that  they  could  not  break 
the  fhells. 

I heard  it  affirmed,  by  a corn-dealer,  in  fupport  of  his  opinion, 
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that  thefe  maggots  are  produced  in  wheat  fpontaneoufly,  that  they 
are  more  rarely  found  in  old  wheat  than  in  new ; to  which  I 
gave  for  anfwer,  that  when  firft  hatched,  they  are  very  fmall 
and  tender,  fo  that  it  is  difficult  for  them  to  pierce  the  hufk 
of  old  wheat,  the  fame  being  very  dry  and  hard,  and  confequently 
many  of  them  die  for  want  of  nourifhment.  This  I fully  proved 
by  experiment,  for  I had  three  glaifes  handing  in  my  ftudy,  in  one 
of  which  there  were  more  than  fixty  maggots  newly  hatched.  In 
this  glafs  I put  fome  grains  of  wheat,  one  of  which  was 
broken,  or  fplit  down  the  middle,  and  this  alone  was  eaten  into* 
the  others  remaining  uninjured,  and  all  the  maggots,  except 
one  or  two,  died  ; all  which,  I had  no  doubt,  proceeded  from 
this,  that  thefe  grains  of  wheat  were  remarkably  dry  and  hard, 
having  been  kept  for  two  or  three  years  in  a box  in  my  ftudy  : 
and  in  another  of  the  glafles,  wherein  I obferved  the  maggots  creep- 
ing about  on  the  furface  of  the  wheat,  without  being  able  to  pe- 
netrate it,  I cut  feveral  of  the  grains  in  pieces,  and  by  this 
means  many  of  the  maggots  were  kept  alive. 

Towards  the  end  of  the  month  of  September,  I received  from 
a baker  a handful  of  very  excellent  rye,  with  many  of  thefe 
maggots  in  it,  all  which  I put  into  a large  glafs  veflel,  and  I ob- 
ferved the  maggots  quit  the  rye  and  creep  up  the  fides  of  the 
veflel.  I then  burnt  a fmall  quantity  of  fulphur  in  it,  and  in  a 
ffiort  time  they  were  all  killed. 

It  may  not  here  be  unworthy  of  notice,  that,  in  the  glafs  tube 
before  defcribed,  and  in  which  I imagined  I had  put  nothing  but 
wheat,  and  the  caterpillar  or  maggot,  of  which  I have  been  treat- 
ing, I found  a Weevil  make  its  appearance  ; this  creature  I kept 
in  the  glafs  to  fee  if  any  more  would  appear,  and  I obferved,  that 
in  the  winter  or  in  cold  weather  it  lay  motionlefs  as  dead,  but 
upon  applying  fome  warmth,  it  would  revive.  At  length,  after 
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keeping  it  upwards  of  eighteen  months,  in  which  time,  I did  not 
obferve  any  more  of  the  fpecies,  it  died. 

Moreover,  while  I was  examining  the  granary  before-men- 
tioned, I faw  many  very  minute  animalcules^,  no  bigger  than 
grains  of  fand,  creeping  up  the  walls.  Some  of  thefe  Ï bronglit 
home  with  me  in  glades,  and  I obferved  them  to  couple  together, 
and  to  lay  exceflively  minute  eggs,  which  eggs,  after  fome  time, 
produced  animalcules  formed  like  the  parents.  So  that  it  appears 
thefe  little  creatures  propagate  their  like  without  undergoing  any 
fuch  change,  as  is  obferved  in  fleas,  moths,  flies,  and  many  other 
infefts.  I think,  however,  it  is  fully  proved,  that  no  living  crea- 
ture is  produced  from  corruption  or  putrefaftion. 

Indeed,  can  any  man  in  his  fober  fenfes  imagine,  that  the 
moth,  of  which  I have  given  the  defeription,  which  is  fitly  pro- 
vided by  nature  with  the  means  to  propagate  its  fpecies,  furniihed 
with  eyes  exquifitely  formed,  with  horns,  with  tufts  of  feathers  on 
its  head,  with  wings  covered  with  fuch  multitudes  of  feathers, 
all  of  different  fhapes,  and  thefe  exafldy  covering  the  wings  in 
every  part ; can  this  moth,  I fay,  adorned  with  lo  many  beauties, 
be  produced  from  corruption?  For,  in  a word,  in  this  little 
creature,  contemptible  as  it  feems  to  us,  there  fhmes  forth  fo 
much  perfection  and  (kill  in  the  formation,  as  to  exceed  wThat  we 
obferve  in  larger  animals. 

* Mr.  Leeuwenhoek  has  not  given  any  figure  of  thefe  animalcules,  but  they  feem  to  be 
a fpecies  of  mite,  the  tranflator  having  obferved  fome  ot  the  like  kind  in  bran. 


Of  the  SPIDER. 
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X HE  following  obfervations  were  made  on  thofe  kinds  of  Spiders 
which  are  found  in  gardens,  where  they  fix  their  webs  to  vines* 
herbs,  and  fhrubs. 

I have  often  feen  thefe  Spiders,  when  dropping,  or  falling,  as 
it  teemed,  from  a tree,  flop  or  fupport  themfelves  in  the  mid- 
way, by  means  of  their  thread,  and  I found  that  this  was  done 
by  the  help  of  one  of  their  hind  feet,  which  they  continually 
apply  to  the  thread  as  they  fpin  it.  Thefe  feet  are  each  of 
them  furniflied  with  three  nails,  or  claws,  {landing  feparate,  or 
apart  from  each  other.  Two  of  thefe  claws  are  at  the  extremity 
of  the  foot,  and  each  of  them  is  formed  with  teeth,  or  notches, 
like  the  cuts  in  a faw,  growing  narrower  towards  the  bottom  ; 
and  with  thefe  they  are  enabled  to  hold  faft  the  thread,  in  like 
manner  as  the  pully  or  wheel,  ufed  by  clock-makers,  in  their 
thirty-hour  clocks,  is  contrived  to  lay  hold  of  the  clock-line,  by 
means  of  the  groove  being  alfo  narrow  at  bottom.  For  the  more 
perfectly  underftanding  this  formation,  I caufed  the  following 
figure  to  he  drawn. 

o 

F/g.  17,  A B C D E F,  reprefents  a final!  part  of  the  Spiders 
hind  Toot,  magnified,  and  at  B C D,  are  fhewn  the  two  claws,  or 
nails,  with  the  notches  or  teeth  in  them,  as  before  defcribed  : at 
letter  E,  is  feen  the  third  claw,  which  is  deftitute  of  teeth  or 
notches,  but,  as  I conceive,  ferves  for  various  ufes  to  the  animal, 
and  this  is  always  to  be  noted,  that  when  the  Spider  does  not 
want  to  afcend  to  an  height,  but  only  to  lay  hold  of  the  web  it  has. 
fpun,  it  always  ufes  this  claw  for  that  pur  pole. 
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The  kind  of  Spider  I am  now  defending,  has  the  hind  part  of 
its  body  much  larger  than  is  feen  in  other  Spiders  ; it  is  provided 
with  eight  longer  and  two  fhorter  legs,  which  fhorter  ones  are 
placed  in  the  fore  part  of  its  body  on  each  fide  of  the  head,  and 
all  furnifhed  with  an  indented  or  notched  claw  as  before  deferibed. 
Some  will  have  it,  that  Spiders  have  no  more  than  eight  legs, 
but  this  appears  to  be  a miftaken  opinion. 

In  thefe  Spiders  I plainly  perceived  eight  eyes,  two  of  which 
are  placed  near  to  each  other  at.  the  top  of  the  head,  and,  in  my 
judgment,  defigned  to  fee  thofe  objefts  which  are  above  the  ani- 
mal. Two  others  of  them  are  fituated  a little  lower  down,  in 
order  to  difeover  all  objebls  in  front ; and  on  each  fide  of  the 
head  are  a pair  of  eyes  clofe  to  each  other,  and  of  thefe,  the  two 
which  Hand  forward,  are  to  take  in  the  view  of  all  objects  lying 
obliquely,  or  not  ftraight  in  front ; and  the  two  which  hand  back- 
ward, are  undoubtedly  defigned  to  behold  all  obje61s  behind  the 
animal.  And  if  we  coniider  that  the  pupils  of  thefe  eyes  are  im- 
moveable in  the  head,  we  may  eafily  conclude,  that  this  number 
is  neceffary,  for  enabling  the  Spider  to  behold  all  circumjacent 
obje&s,  and  to  go  in  fearch  of  its  food. 

That  the  form  of  thefe  eight  eyes,  and  their  fituation,  may  be 
more  eafily  conceived,  I have  caufed  a drawing  to  be  made  of 
them  at  fig.  18,  GHXKLMNO,  which  reprefents  a part  of  the 
Spiders  head  ; PO,  are  the  two  eyes  which  look  upwards,  K and 
L,  the  two  defigned  to  view  objefts  in  front,  I and  M,  thofe 
which  take  in  objefts  obliquely  in  front,  and  H and  N,  thofe 
which  look  obliquely  backwards. 

I have  often  heard  it  faid,  that  the  Spider  has  a fting,  with 
which,  it  is  alfo  reported,  it  can  kill  the  toad  ; but  no  one  could 
tell  me  in  what  part  of  the  body  this  (ling  was  placed,  therefore, 
I concluded  that  if  there  was  one,  it  muft  be  in  the  poflerior  or 
hind  part  as  in  other  animals  and  infefts  ; but  on  examination,  I 
found  this  opinion  to  be  groundlefs.  The  Spider  is,  however. 
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provided  with  two  organs  or  weapons  anfwering  every  purpofe  of 
a fting,  which  are  placed  in  front  of  its  head  juft  below  the  eyes, 
and  when  not  in  ufe,  they  lie  between  the  two  fhorter  feet. 

Thefe  weapons  or  inftruments  of  offence,  which  are  bent  inuhe 
nature  of  claws,  are  very  fimilar  to  the  fting  of  the  Scorpion  and 
the  fangs  of  the  * Millepeda  of  India,  and  in  each  of  thefe  fangs 
(for  fo  I will  call  them)  is  a fmall  aperture,  through  which,  in  all 
probability,  a liquid  poifon  is  emitted  by  the  Spider  at  the  time  it 
inflicts  the  wound. 

At  fig.  ig,  AB  CDE  FGHIKLM,  are  reprefented  both  thefe 
fangs  as  feen  through  the  microfcope : BC,  is  one  of  them  when 
lying  ftill,  H I K (hews  the  other,  raifed  to  ftrike.  At  C and  I,  is 
to  be  feen  the  fmall  aperture  + I have  mentioned,  which  aper- 
ture appears  the  fame  on  both  fides  ol  each  fang,  and  through  this 
we  may  reafonably  conclude  that  the  Spider  ejefts  its  venom.  At 
the  letters  EFG,  is  a double  row  of  teeth,  between  which  each 
fang  is  placed  when  at  reft,  and  the  ufe  of  thefe  teeth  feems 
to  me  to  be  for  the  firmer  grafping  the  prey,  that  when  bitten  it 
may  not  efcape.  All  the  other  parts  of  thefe  weapons  or  organs 
which  are  reprefented  in  fig.  ig,  were  thick  fet  with  hairs,  but 
which  it  was  not  thought  neceffary  to  exhibit  in  the  drawing. 

I at  feveral  times  inclofed  two  or  three  large  Spiders  in  the  fame 
glafs,  and  always  found  that  when  they  approached  each  other, 

* That  is  in  Englifh,  thoufand  legs,  the  name  vulgarly  given  to  this  animal  ; the 
Dutch  call  it  Duyfent-been,  a word  ol  the  fame  import. 

+ Dr.  Mead,  in  his  celebrated  Effay  on  Poifons,  when  treating  of  the  Spider,  ex- 
preffed  his  doubt  ol  this  fadt,  by  realon  that  he  could  not  himfelf  difcover  the  aperture 
and  Mr.  Henry  Baker,  in  his  Treatife  on  the  Microfcope,  concurred  in  opinion  with  the 
Dodtor,  that  Mr.  Leeuwenhoek  mull  have  been  miftaken  in  this  particular.  But  in 
another  Treatife*,  afterwards  published  by  Mr.  Baker,  he  informs  his  readers,  that  he 
had  at  length  plainly  perceived  the  aperture,  and  had  Ihewn  the  fame  to  Dr,  Mead,  who 
was  much  pleafed  with  the  difeovery.  A teftimony  this,  greatly  to  the  honour  of  our 
Author. 


* Employment  for  the  Microscope. 
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they  would  fight  to  that  degree,  as  to  be  covered  with  the  effufion 
of  blood  from  their  bodies*,  which  was  foon  followed  by  the  death 
of  the  wounded  Spider.  I alfo  obferved,  that  the  fmaller  Spiders 
always  avoided  the  larger,  but  when  two  of  nearly  equal  fize  ap- 
proached each  other,  neither  would  give  way,  but  both  of  them 
grappled  together  furioufly  with  their  fangs,  till  one  of  them 
lay  dead  upon  the  fpot,  its  body  being  as  wet  with  the  blood  flowing 
from  the  wounds  received,  as  if  water  had  been  poured  upon  it. 

I at  one  time  had  a Spider  which  was  wounded  by  the  bite  of 
another  in  the  thickeft  part  of  its  leg,  and  from  the  wound  there 
iflued  fome  blood,  in  quantity,  about  the  fize  of  a large  grain  of 
fand ; this  wounded  leg,  the  Spider  held  up,  as  unable  to  ufe  it, 
and  foon  afterwards  the  whole  leg  dropped  from  its  body  : when- 
ever the  breaft  or  fore  part  of  the  Spider  was  wounded,  I always 
obferved  the  wound  to  be  mortal. 

I had  imagined,  that  when  a Spider  applied  its  thread  either  to 
fome  foreign  fubftance  or  to  another  thread,  that  the  thread 
newly  fpun  muff  be  covered  with  fome  vifcous  or  glutinous  mat- 
ter hv  which  it  became  faftened,  in  like  manner  as  we  obferve  in 
Silk-worms  threads.  But  I now  found  that  the  Spider  cannot  fix 
its  thread  to  any  thing,  without  imprinting  the  hind  part  of  its 
body  on  the  place,  by  which  preflure,  it  emits  an  incredible  num- 
ber of  exceffively  fmall  threads,  diverging  in  every  direction,  from 
whence  we  may  conclude,  that  as  foon  as  the  threads  are  expofed 
to  the  air,  they  lofe  their  vifcofity  or  glewy  quality. 

When  I at  fir  ft  began  the  diffeftion  of  the  Spider,  and  endea- 
voured to  difcover  the  vifcous  or  gummy  fubftance  from  whence 
thefe  threads  proceed,  and  could  not  fatisfv  mvfelf  in  that  parti- 
cular,  I was  aftonifhed,  not  being  able  to  conceive  hove,  from 


* If  any  reader  fhould  be  difpofed  to  try  this  experiment,  lie  mull  not  expeft  to  fee  a 
reel  liquor  iflue  from  the  wounded  Spider.  For  the  circulating  fluid  in  many  infects  is  clear 
or  colourlefs,  though  as  fitly  to  be  denominated  blood,  as  that  which  flows  in  the  veins 
of  animals. 
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fo  moift  a body  as  this  creature’s*  there  could  in  fo  fhort  a rime, 
be  produced  threads  11  rong  enough  to  bear  the  weight,  not  only 
of  one,  but  of  fix  Spiders  at  a time,  And  upon  endeavouring  to 
difcover  the  texture  of  thefe  threads,  I could  at  that  time  perceive 
no  more,  than  that  the  fame  thread  appeared  in  feme  places  to  be 
one  and  entire,  and  in  others,  to  be  compofed  of  three,  four,  or 
more  threads ; and  though  I often  endeavoured  to  obferve  thofe 
threads  immediately  as  they  ilfued  from  the  Spider’s  body,  I could 
not  obtain  a perfeót  view  of  them,  notwithflanding  which,  I did 
not  doubt,  that  what  is  commonly  foppofed  to  be  one  thread,  is, 
in  faff,  compofed  of  many. 

I determined  therefore,  fo  to  fix  a Spider  on  its  back,  that  it 
could  not  move  the  hind  part  of  its  body  ; and  this  being  done,  I 
contrived  with  a frnall  pair  of  pincers  to  draw  out  from  the  body, 
that  fmall  part  of  the  thread  which  projected  from  the  organ  or 
inftrument  from  which  the  threads  proceed,  and  then  I perceived 
a great  number  of  exceeding  fmall  threads  iffue  forth,  which 5 
when  at  about  one  or  two  hairs  breadth  diftance  from  the  Spider’s 
body,  united  in  one  or  two  threads,  and  that  in  this  manner  the 
larger  threads  were  compofed. 

Not  content  with  thefe  obfervations,  I fat  about  devifing  means 
of  keeping  the  threads  feparate,  as  they  iffue  from  the  Spider  s 
body,  fo  that  I might  be  able  to  give  forne  reprefentation  of  their 
inconceivable  finenefs,  and  at  three  feveral  times  I fucceeded  herein 
to  my  wifh.  But  yet,  this  finenefs  cannot  by  any  efforts  of  the 
pen  or  pencil,  be  adequatelv  deferibed.  For  upon  applying  the 
utmoft  magnifying  powers  of  the  microfcope,  threads  are  difeo- 
vered  fo  exquifitely  flender,  as  almoft  entirely  to  efcape  the  fight. 
I have  fometimes  endeavoured  to  count  thefe  threads  as  they 
iffued  forth,  but  always  without  fuccefs* 

The  Limner,  to  whom  Ï exhibited  this  objeft  by  the  microfcope^ 
declared?  that  it  was  not  in  his  power  to  give  a true  drawing  of  it 
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with  the  pencil,  but  that  by  an  engraving,  it  might  in  Tome  mea» 
fure  be  reprefented*  This  is  done  in  fig.  20,  MNOPO,  being  a 
portion  of  thefe  threads,  as  magnified  by  the  microfcope,  and 
pictured  feparate  and  diflinft  from  each  other,  as  they  iffued  from 
the  body  of  the  animal.  Thefe  feemed  to  me  to  iflue  from  two  of 
the  organs,  which  I (hall  prefently  defcribe. 

If  we  duly  confider  that  the  threads  of  Spiders,  which  to  the 
naked  eye  feem  to  be  fingle,  are  compofed  of  many  fmaller  ones, 
and  that  they  thence  acquire  the  ftrength  we  obferve  them  to  have, 
we  fhall  more  than  ever  be  affured,  that  no  flexible  bodies  (except 
thofe  made  of  metal,  the  component  particles  of  which  are,  by 
the  force  of  fire,  moft  clofely  compared  or  knit  together),  can 
have  any  great  ftrength  or  toughnefs,  unlefs  they  are  compofed  of 
oblong  parrs  laid  fide  by  fide,  and  that  their  ftrength  or  tough- 
nefs will  be  greater  where  thefe  oblong  component  parts  are  twilled 
together,  or  made  to  cohere  by  fome  glutinous  matter,  as  are  fpun 
filk,  linen  garments,  ropes  and  the  like.  And  this  is  the  reafon 
why  all  the  fingle  threads  of  flax  are  very  tough  in  proportion  to 
their  fize,  for  each  of  them  is  compofed  of  ftill  fmaller  par- 
ticles or  fibres,  which  are  not  only  joined  together  by  a certain 
vifcous  or  gummy  matter,  but  are  alfo  furrounded  with  a coat  or 
bark,  as  it  may  be  called,  whereby  their  inward  component  fibres 
are  rendered  ftill  ftronger. 

Again,  if  we  advert  to  the  great  number  of  exceflively  {lender 
threads,  proceeding,  all  at  the  fame  time  from  the  body  of  the 
Spider,  we  muft  acknowledge  that  this  kind  of  formation  is  ne- 
ceflary,  for  were  it  a fingle  thread  which  is  fpun  by  this  creature 
with  fuch  celerity,  the  liquid  matter  of  which  it  is  formed,  could 
not  on  its  expofure  to  the  air,  become  a folid  fubftance  fo 
quickly  as  thefe  leffer  threads,  an  hundred  or  more  of  which,  taken 
together,  do  not  in  my  opinion  equal  the  hundredth  part  of  one 
of  thofe  hairs  I can  take  from  the  back  of  my  hand. 
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In  a word,  the  infcrutable  power  and  wifdom  of  the  Almighty 
Creator,  are  manifeftly  difplayed  in  the  formation  of  iuch  a thread 
as  the  Spider  s,  the  wonderful  make  of  which  is  feldom  obferved, 
becaufe,  the  finenefs  and  delicacy  of  its  texture  are  not  difcernible 
by  the  naked  eye. 

Upon  beholding  the  exquifite  flendernefs,  and  alfo  the  multi- 
tude of  thefe  threads,  I was  {truck  with  aftonifhment,  upon  con- 
fidering  how  wonderful  mull  be  the  organs  in  a Spider's  body  to 
produce  fo  many,  and  at  the  fame  time  all  diftinfl  from  each 
other.  And  although  I never  expefted  that  I fhould  be  able  to 
dive  into  this  fecret  of  nature,  yet,  upon  differing  the  hind  part  of 
one  of  the  largeft  Spiders  I could  procure,  and  attentively  examin- 
ing it,  I at  length,  with  the  greatell  admiration,  perceived  a great 
number  of  excefhvely  fmall  organs,  from  each  of  which,  one  ex- 
quifitely  fine  thread  proceeded,  and  thefe  were  fo  many,  that 
I thought  their  number  mull  at  leaft  exceed  four  hundred. 
They  were  not  all  placed  clofe  together,  but  in  eight  diftinft  fpots 
or  compartments,  fo  that  if  the  Spider  ufes  all  thefe  organs  at  the 
fame  time,  eight  feveral  threads  may  be  formed,  each  of  which 
will  confifl  of  a great  number  of  fmaller  ones.  Again,  thefe 
fmaller  threads  differ  in  fize,  for  one  of  the  organs  will  be  feen  to 
fpin  a thread  twice  as  large  as  the  next  adjoining  to  it. 

If  any  perfon  examines  by  the  microfcope  that  part  towards 
the  extremity  of  the  Spiders  body,  from  whence  its  thread  pro- 
ceeds, he  will  obferve  the  fpot  to  be,  as  it  were,  furrounded  by  five 
feveral  protuberances  or  rifings,  each  ending  in  a point,  and  al- 
together forming  a kind  of  enclofure  ; but  from  the  anterior  or 
forwardefl  of  thefe  five  protuberances  no  threads  proceed.  The 
other  four,  on  their  outer  fides  are  thick  fet  with  hairs,  fo  that  all 
the  fmaller  organs  deflined  to  fpin  the  threads,  are  fituated  to- 
wards the  infide,  the  reafon  of  which,  I take  to  be,  that  they 
may  be  preferved  uninjured,  when  the  Spider  is  creeping  into* 
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holes,  where  it  does  not  want  to  {pin  its  web,  or  while  running 
along  the  ground,  or  after  its  prey.  When  thefe  lalt  mentioned 
{’our  protuberances  are  put  a fide  from  each  other,  there  will  be 
feen  in  the  middle  or  fpace  between  them  four  fmaller  ones,  each 
furnifhed  with  the  like  organs  for  fpinning  threads,  but  leffer  in 
fize  and  fewer  in  number. 

Thefe  organs  for  fpinning,  being  by  this  means  all  cxDofed  to 
view,  exhibit  the  appearance,  as  it  were,  of  afield,  thick  fet  with  an 
incredible  number  of  pointed  parts,  each  producing  one  thread  ; 
but  thefe  pointed  parts  are  not  made  gradually  tapering  from  the 
bafe  to  the  point,  they  are  formed,  as  if  one  were  to  imagine  a 
final!  reed  fomewhat  tapering,  having  a frill  fmaller  one  joined  to 
its  taper  end1^,  and  this  latter  terminating  in  a point,  wdnch  point, 
in  thefe  organs  1 am  now  defcribing,  is  as  fine  as  imagination  can 
conceive. 

Now  if  we  lay  it  down  as  a faft,  that  a young  Spider  which  is 
feveral  hundred  times  fmaller  than  a full  grown  one,  is  furnifhed 
with  the  fame  organs  as  the  larger,  and  that  as  the  Spider,  fo  the 
organs  do  by  degrees  grow  proportionably  larger,  the  ne.ceffary 
conclufion  is,  that  the  threads  fpun  by  a young  Spider,  are  many 
hundred  times  finer  than  thofe  fpun  by  one  full  grown,  which 
exquifite  flendernefs,  it  feems  beyond  the  power  of  the  human 
mind  to  form  a true  idea  of. 

I have  given  a reprefentation  of  fome  of  the  organs,  by  which 
thefe  incredibly  final!  and  numerous  threads  are  fpun,  as  nearly  as 
the  Limner  was  able  to  draw  them,  when  feen  by  the  microfcope. 
And  at  fig.  21 , RS  TV,  exhibits  one  of  the  four  external  parts 
or  protuberances  I have  been  defcribing ; this  part,  including  all 
which  with  it  is  reprefented  in  the  figure,  was  not  in  its  natural 
fize  fo  large  as  a common  grain  of  fand,  from  whence  ome  judg- 
ment may  be  formed  how  minute  muff  be  the  fc  organs,  and  how 
exquifitely  fine  the  threads  which  ilfue  from  them. 


* See  Jig.  22. 
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In  this  figure,  that  part  which  is  marked  with  the  letter  W,  was 
covered  with  as  many  organs,  and  thofe  placed  as  clofe  together, 
as  are  reprefented  between  the  letters  R and  S,  but  as  thefe  latter 
handing  direftly  in  front,  could  not  by  any  means  be  diftinólly 
fhewn  in  the  drawing,  1 ordered  that  (pace  to  be  left  vacant : the 
part  which  is  out  of  light,  was  not  covered  with  thefe  organs  but 
with  hairs. 

While  I held  this  object  up  to  the  Limner's  view,  I turned 
round  the  different  parts  of  it,  that  he  might  declare  how  many  of 
the  organs  for  fpinning  the  threads,  in  his  judgment,  it  contained, 
upon  the  view  oi  which,  he  was  confident  that  there  were  above 

one  hundred. 

I have  before  mentioned,  that  fome  of  thefe  organs  appeared  to 
me  to  be  larger  than  others,  and  that  1 fuppofed  their  ufe  was 
for  fpinning  the  larger  threads*  One  of  thefe,  as  it  flood  between 
two  fmaller  ones,  I placed  in  view  of  the  Limner,  directing  him 
to  make  a drawing  of  it.  This  is  feen  at  fig,  22,  C F,  and  in  the 
fame  figure,  at  the  letters  A B and  D E,  are  reprefented  the  two 
leffer  organs,  from  one  of  which,  a thread  is  feen  to  iffue. 

After  this,  i took  a fmall  Frog,  whofe  body  was  about  an  inch 
and  an  half  in  length,  which  I put  into  a glafs  tube  together 
with  a large  Spider,  in  order  to  fee  the  aftions  of  thefe  two  ani- 
mals when  brought  together ; and  I obferved  the  Spider  pafs  over 
the  Frog  without  hurting  it,  though  with  its  fangs  difplayed  as  if  to 
attack  the  Frog.  Upon  this,  I caufed  the  Frog  to  fall  againfl  the 
Spider,  who,  thereupon,  (truck  his  fangs  into  the  Frog’s  back, 
making  two  wounds,  one  of  which,  exhibited  a red  mark,  and  the 
other  a purple  fpot.  I then  brought  the  Frog  to  the  Spider  a 
fecond  time,  who,  thereupon,  ftruck  his  fangs  into  one  of  the 
Frog’s  fore  feet,  whereby  fome  few  of  the  blood  veffels  were 
wounded.  And  having  provoked  the  Spider  a third  time,  he 
ftruck  both  fangs  into  the  Frog’s  nofe,  prefently  after  which,  I 

E 2 
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took  the  Spider  out  of  the  glafs.  The  Frog,  thus  wounded,  fat 
without  motion,  and  in  about  the  fpace  of  half  an  hour,  it  ftretched 
out  its  hind  legs  and  expired. 

The  next  day  I brought  another  Frog,  about  the  fame  hze  as 
the  former,  to  the  fame  Spider,  but  though  it  was  twice  wounded,  I 
did  not  perceive  it  to  be  injured  thereby,  perhaps  becaufe  the 
Spiders  bite  may  not  be  fo  venomous  in  our  climate  as  in  warmer 
regions,  or  elfe,  that  the  poifon  of  this  Spider  might  have  been 
exhaufted  by  former  attacks  ; the  Frog  I threw  back  into  the 
water  whence  I had  taken  it. 

Towards  the  end  of  Oftober,  I took  feveral  of  the  largeft 
Spiders  that  could  be  got,  and  placed  them  in  glades  apart  by 
themfelves,  in  order  to  wait  for  their  laying  eggs,  which  I pur- 
pofed  to  open,  and  examine  the  contents.  Two  of  thefe  Spiders, 
after  being  confined  ten  or  twelve  days,  I found  had  laid  their 
eggs,  and  enveloped  them  in  fo  thick  a web,  that  I was  adonifhed 
to  behold  it,  confidering  that  it  had  been  fpun  in  a few  hours 
fpace. 

Some  of  thefe  eggs  I opened,  and  found  the  infide  to  he  of  a 
yellowifh  colour ; the  form  of  each  egg  was  almod  round,  and 
nearly  the  thirtieth  part  of  an  inch  in  diameter,  and  the  whole 
colleftion  of  eggs  laid  by  one  Spider  compofed  a rounding  figure, 
almoft  fpherical,  nearly  half  an  inch  in  diameter,  from  whence 
may  be  computed  how  great  a number  of  eggs  the  fpider  lays. 
And  one  would  almoft  think  it  impoftible  for  fo  many  to  be 
contained  within  this  creature’s  body  ; fince  upon  viewing  them 
with  the  naked  eye,  as  they  lie  together  in  regular  order,  they 
occupy  a larger  fpace  than  the  fize  of  the  animal  itfelf.  But  it  muft 
be  confidered,  and  it  is  what  I have  often  experienced  in  opening 
Spiders,  that  the  eggs  while  within  their  bodies  are  not  of  a glo- 
bular figure,  but  being  very  foft  they  lie  compreffed  together,  and 
therefore  are  of  divers  fhapes,  but  as  foon  as  emitted  from  the 
Spider  they  aflume  a fpherical  form,  by  reafon  of  the  equal 
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preflu  re  of  the  atmofphere  on  every  part  of  them ; and  when  of 
this  round  figure,  being  placed  in  exaft  order,  fide  by  fide,  and 
only  touching  each  other  in  a point,  they  mud  neceflarily,  to  our 
view,  occupy  more  fpace  than  they  did  while  in  the  animal's  body. 

I at  firft  was  not  able  to  conceive  by  what  means  the  Spider 
could  place  its  eggs  fo  exaftly  in  the  centre  of  the  web,  but  now  I 
was  fatisfied  in  that  particular,  for  while  I was  obferving  a third 
Spider  which  was  fixing  a web  to  the  glafs  in  order  to  lay  her  eggs 
in  it,  I faw  that  firft  fhe  made  a kind  of  thick  layer  of  threads,  and 
fattened  them  to  the  glafs  before  fine  began  to  lay  one  egg  ; and  it 
was  moft  worthy  of  remark  that  this  layer  or  ftratum  was  not  flat, 
but  curioufly  made  with  a roundifh  cavity.  In  about  three  quarters 
of  an  hours  fpace,  upon  again  obferving  the  Spider,  I faw  that 
this  cavity  was  not  only  filled  with  eggs,  but  that  eggs  were  piled 
up  above  the  edges  of  it  to  the  fame  heighth  as  the  hollow  of  the 
cavity  below,  and  the  Spider  was  then  bufied  in  fpinning  a web  to 
enclofe  the  eggs  on  every  fide.  For  this  purpofe  {he  employed  not 
only  the  hind  part  of  her  body  from  whence  the  threads  were  fpun, 
but  her  two  hinder  feet,  with  which  (he  placed  the  threads  in  due 
order.  And  now  all  the  organs  ufed  in  producing  the  threads  ap- 
peared in  view,  each  of  them  in  the  aft  of  emitting  its  particu- 
lar thread.  I alfo  obferved  the  Spider  elevate  the  hind  part  of  its 
body  about  the  breadth  of  a ftraw,  and  then  fix  the  thread  which 
by  the  elevation  had  been  drawn  out  to  that  length,  to  the  web 
which  was  already  fpun  about  the  eggs. 

I was  very  defirous  to  fee  a Spider  in  the  aft  of  laying  its  eggs, 
which  at  length  I obtained  a fight  of,  and  obferved  that  they  were 
not  emitted  from  the  fame  part  as  is  ufual  in  all  other  minute  ani- 
mals ; but  from  the  fore  part  of  its  belly,  not  far  from  the  hind  legs, 
and  near  the  place,  I obferved  a kind  of  little  hooked  organ, 
handfomely  fhaped,  which  I had  often  before  feen  in  this  animal, 
.and  could  not  imagine  for  what  purpofe  it  was  defigned  ; but  now 
I perceived,  that  it  extended  over  that  part  whence  the  eggs  iffued, 
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and  I therefore  conjeftured  that  its  ufe  was  to  depolit  them  in 
regular  order  within  the  web  prepared  to  receive  them.  To  give 
fome  reprefentation  of  thefe  parts,  I caufed  a drawing  to  be  made 
of  a middling  fized  Spider,  lying  flat  on  its  back,  with  the  legs 
contrafted,  as  if  it  were  dead.  This  is  {hewn  in  jig.  23,  A B C,  and 
near  to  letter  D is  the  hook  juft  mentioned. 

This  hook  I then  feparated  from  the  Spider's  body,  and  placing 
it  before  the  microfcope  I delivered  it  to  the  limner,  that  he  might 
make  a drawing  of  it  as  it  appeared  to  him.  This  drawing  is  given 
at  jig . 24,  G H I K,  and  therein  between  the  letters  I and  K,  certain 
folds  or  wrinkles  appear,  this  organ  being  fo  formed  as  to  have  a 
greater  extent  of  motion  and  aftion  than  ufual.  The  letters  EF 
denote  that  part  which  was  joined  to  the  Spider’s  body. 

On  the  firft  of  January,  I put  fome  Spider’s  eggs  into  a glafs 
tube  which  I conftantly  carried  about  me,  in  order  to  difcover 
whether  by  the  warmth  I imparted  to  them,  they  would  be  hatched 
fooner  than  the  ufual  time,  which  is  in  the  fpring ; and  on  the  17th 
of  January  I faw  above  twenty  five  young  fpiders  compleatly 
hatched,  and  as  many  more  half  way  out  of  the  eggs  ; and  in  the 
evening  of  the  fame  day  I counted  above  an  hundred  and  fifty 
young  ones.  The  next  day,  the  number  was  not  increafed,  for  the 
remainder  of  the  eggs,  to  the  number  of  fifty,  or  thereabouts,  were 
either  barren,  or  the  young  fpiders  were  dead  within  them. 

Upon  expofing  the  glafs  tube  at  this  cold  feafon,  to  the  air  for 
about  a quarter  of  an  hour,,  the  young  Spiders  lay  without  mo- 
tion, but  upon  applying  fome  warmth  to  it,  they  began  to  move, 
and  the  greater  number  of  them  crowded  themfelves  together  in  an 
heap,  after  the  manner  of  bees,  within  the  web  where  the  eggs 
had  been.  On  the  21ft  of  January  I could  difcern  eight  eyes  in 
each  of  them,  which  til!  then  had  not  been  vifible,  and  on  the 
25th  of  January  they  began  to  fpin  webs  in  the  fame  manner  as 
full  grown  fpiders. 
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I 3iad  hitherto  been  at  a lofs  to  conceive  how  this  great  number 
of  young  Spiders  could  be  fupplied  with  nourifhment,  confidering 
that  the  natural  food  of  this  creature  is  the  fubftance  of  other  in- 
fers ; but  I now  perceived  that  they  had  fed  on  the  barren  eggs 
which  had  been  left  in  the  glafs,  and  they  afterwards  devoured  one 
another  till  they  were  reduced  to  a very  few  in  number. 

I have  often  compared  the  fize  of  the  thread  fpun  by  full 
grown  Spiders  with  a hair  of  my  beard*  For  this  purpofe  I placed 
the  thickeft  part  of  the  hair  before  the  microfcope,  and  from  the 
moll  accurate  judgment  I could  form,  more  than  an  hundred  of 
fuch  threads  placed  fide  by  fide  could  not  equal  the  diameter  of 
one  fuch  hair*  If  then  we  fuppofe  fuch  an  hair  to  be  of  a round 
form,  it  follows  that  ten  thoufand  of  the  threads  fpun  by  the  full 
grown  Spiders  when  taken  together,  will  not  be  equal  in  fubftance 
to  the  fize  of  a fingle  hair.^ 

To  this  if  we  add  that  four  f hundred  young  Spiders  at  the  time 
when  they  begin  to  fpin  their  webs,  are  not  larger  than  a full 

This  is  found  by  multiplying  the  number  of  Spider’s  threads,  conflituting  the  diameter 
of  the  hair  (which  the  Author  computes  to  be  one  hundred)  Into  itfelf,  the  contents  of 
cylinders  (which  round  threads  may  he  called),  being  in  the  fame  proportion  as  the  fquares; 
of  their  diameters— 

therefore  too  diameters  of  the  thread 

multiplied  by  the  fame  number  too 

the  fquare  will  be  10,000  the  proportionate  fize  of  the  hair, 
and  this  being  multiplied  by  400  the  fuppofed  bulk  of  a young  Spider  com* 

4,000,000 

pared  with  an  old  one,  gives  four  millions,  the  proportion  affigned  by  the  Author  to  the 
young  Spiders  threads. 

The  Author’s  maimer  of  computing  thefe  very  minute  dimenfions,  is  fully  explained 
in  the  Introduction, 

+ The  difference  in  the  fize  of  garden  Spiders  in  Spring  and  Autumn,  mull  have  been 
noticed  by  almoft  every  one,  and  the  Author  in  his  computation,  confiders  them  as 
fpherical  or  round  bodies,  which  according  to  the  rules  of  arithmetic,  are  in  the  fame 
proportion  to  each  other  as  the  cubes  of  their  refpe&ive  diameters.  Thus,  if  a young 
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grown  one,  and  that  each  of  thefe  minute  Spiders  pofTeffes  the 
fame  organs  as  the  larger  ones,  it  follows,  that  the  exceeding  fmall 
threads  fpun  by  thefe  little  creatures,,  muft  be  (till  four  hundred 
times  flenderer,  and  confequently  that  four  millions  of  thefe  mi- 
nute Spiders  threads  cannot  equal  in  fubftance  the  fize  of  a fingle 
hair.  And  if  we  farther  confider  of  how  many  filaments  or  parts 
each  of  thefe  threads  confifls,  to  compofe  the  fize  we  have  been 
computing,  we  are  compelled  to  cry  out,  O what  incredible  mi- 
nutenefs  is  here  ! and  how  little  do  we  know  of  the  works  of 
nature ! 

1 never  could  procure  a fight  of  thefe  animals  when  coupling 
together,  either  in  the  gardens  or  fields,  nor  when  inclofed  in 
glaffes,  for  I always  perceived  the  female  to  run  away  at  the  ap- 
proach of  the  male,  and  having  at  one  time  inclofed  three  male 
Spiders  with  a female  in  one  glafs,  the  female  flew  at  the  males 
with  fo  much  fury,  and  wounded  them  to  fuch  a degree,  that  blood 
iffued  from  their  legs  and  feet.  Hereupon  I killed  the  female,  and 
the  next  day  I faw  two  of  the  males  lie  dead,  and  the  furvivor 
employed  in  devouring  the  dead  female. 

Thefe  are  the  chief  of  my  obfervations  on  the  Spider,  an  ani- 
mal held  in  fuch  deteflation  by  many,  that  they  dread  even  the 
fight  or  approach  of  it,  but  in  which  we  find  as  much  perfeftion 
and  beauty  as  in  any  other  animal. 

Spider’s  body  is  a feventh  part  the  diameter  of  a full  grown  one,  the  latter  will  be  333 
times  the  bulk  of  the  former,  if  an  eighth  part,  ,512  times.  The  proportion  here  afhgned 
by  the  author,  is  nearly  the  medium  between  thefe  two. 


Or  the  SILK  WORM. 


The  Royal  Society  having  recommended  to  my  examina- 
tion, the  fruitful  and  barren  eggs  of  the  Silk-worm*  I procured 
a number  of  thofe  eggs,  which  had  been  lately  laid  by*  the 
Moth  or  Butterfly,  produced  from  that  infeft ; this  was  about 
the  beginning  of  the  month  of  September.  Thefe  eggs,  when 
firft  laid,  were  of  a yellowifli  colour,  which  in  about  two 
days  time  affumed  a reddifh  cafl,  and  at  fix  days  end  they  ap- 
peared to  the  naked  eye  of  a liver  colour.  Several  of  thefe  eggs 
I opened,  by  taking  off  the  upper  part  of  the  (hell  with  as  light  a 
touch  as  poffible,  and  in  every  one  of  them  I obferved  an  exceed* 
ing  fmaJl  and  delicate  membrane,  which  to  the  naked  eye  appeared 
blackifh,  but  on  examining  it  by  the  microfcope,  I found  the  real 
colour  to  be  violet,  but  where  the  violet  particles  compofing  it  lay 
clofe  together,  they  affumed  a blackifh  appearance.  This  mem® 
brane  lay  next  to  the  fhell  of  the  egg,  and  I imagined,  that  within 
it  the  future  Silk-worm  would  be  formed  ; and  in  the  part  where 
this  membrane  was  joined  to  the  fhell,  I faw  a minute  fpeck  or 
fpot,  which  I concluded  to  be  the  vital  principle,  and  the  rather,  as 
this  fpeck  was  wanting  in  thofe  eggs  which  I found  to  be  afterwards 
barren  ; and  it  is  further  to  be  noted,  that  in  the  barren  eggs  no 
fuch  membrane  as  I have  mentioned  was  formed,  nor  did  they 
change  their  original  yellow  colour.  This  membrane  in  a fhort 
time  extended  over  the  whole  infide  of  the  egg,  and  being  feen 
through  the  fhell,  which  is  tranfparent,  caufed  it  to  appear  of  a 
hluifh  colour. 
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Some  of  thefe  eggs,  which  were  fix  weeks  old,  I put  into  a flat 
lcrewTed  box,  which  in  the  day  time  I carried  in  my  pocket,  and 
at  night  placed  befide  me  in  bed,  that  they  might  continually  be 
kept  warm  ; and  in  another  box  of  the  fame  kind,  I put  fome  more 
eggs,  three  weeks  old,  and  thefe  my  wife  (who  was  always  very 
warmly  clad)  conflantly  carried  in  her  bofom.  This  we  did,  to 
try  the  experiment,  whether  it  were  polfible  to  promote  the 
growth  of  the  Silk-worms  in  the  autumn. 

In  the  month  of  October  I opened  fome  of  the  eggs  which  I had 
thus  kept  by  me  for  about  a month,  and  in  one  of  them,  I ob- 
ferved  a minute  Silk-worm,  about  the  thicknefs  of  an  hair,  and 
proportionable  in  length,  but  I was  not  able  to  diftinguifh  any 
particular  parts  in  its  body.  In  the  fpace  of  ten  days  more,  I 
found  larger  worms  in  the  eggs,  whereupon,  I opened  fome  of 
thofe  which  my  wife  had  carried  about  her,  and  in  thofe,  I faw 
Silk-worms,  which  by  the  microfcope,  appeared  as  large  as  ones 
finger,  and  thefe  I propofed  to  have  given  drawings  of5  but  the 
animals  foon  drying,  and  all  the  moifture  in  the  eggs  evaporating, 
they  entirely  loft  their  figure,  fo  that  neither  the  head  nor  tail,  nor 
any  other  parts  of  their  bodies  could  be  diftinguifhed,  although  I 
had  very  plainly  feen  them  when  the  eggs  w^ere  firft  opened. 

After  this,  I from  time  to  time  opened  others  of  thefe  eggs,  but 
I could  not  perceive  any  farther  growth  in  the  animals,  and  at 
length  all  the  moifture  in  the  eggs  fo  dried  away,  that  they  loft 
their  fhape  and  became  flattened. 

In  the  beginning  of  May,  in  the  following  year,  I opened 
feveral  of  the  eggs  which  had  remained  all  the  winter  in  my  ftudy, 
and  then  I obferved  minute  Silk-worms  within  them,  and  a kind  of 
globular  particles  lying  clofe  to  them,  which  I judged  would  after- 
wards be  fornled  into  the  limbs  of  the  animals. 

Towards  the  end  of  this  month,  the  Silk-worms  increafed  in 
growth  very  rapidly,  fo  that  on  the  20th  of  May,  upon  opening 
feveral  of  the  eggs,  I could  perceive,  not  only  feveral  parts  of 
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each  animal's  head,  but  alfo  a great  number  of  fmall  vefTeis  in  it 
which  branched  out  into  others  extending  all  over  the  body,  par- 
ticularly to  thofe  parts  where  I could  perceive  the  claws  begin  to 
appear,  and  which,  therefore  I concluded,  were  nourifhed  by 
thofe  veffels.  In  fhort,  I faw  fuch  multitudes  of  veffels,  with 
their  branches,  all  of  a blackilh  colour,  as  is  not  to  be  conceived, 
for  when  thefe  branches  became  beyond  meafure  Header,  they  loft 
their  dark  tinge,  and  at  length  became  invifible.  And  I can  fafely 
fay,  that  I do  not  think  I have  feen  fo  many  arteries  piftured  in 
the  drawing  of  an  human  body,  as  appeared  in  thefe  objefts,  which 
I fhould  have  given  a drawing  of,  but  the  moifture  in  thefe 
minute  veffels  dried  fo  quickly,  that  they  loft  their  figure,  and 
could  no  longer  be  diftinguifhed. 

On  the  21  ft  of  May,  I opened  feveral  more  eggs,  and  faw  that 
many  of  the  Silk-worms  in  the  fpace  of  the  laft  twenty-four  hours 
were  fo  much  grown,  that  they  appeared  compleatly  formed,  for 
I could  not  only  fee  the  head  perfectly  formed  with  all  its  parts, 
but  alfo  all  the  claws  and  limbs,  and  the  body  every  where 
covered  with  hairs : upon  opening  thefe  Silk-worms,  I faw  the 
inteftines,  and  now  the  membrane,  which  hitherto  had  inclofed 
the  animal,  was  difappeared,  the  fubftance  thereof  by  this  time 
having  paffed  into  its  body,  which  had  a {Turned  a blackilh  colour, 
but  the  head  was  particularly  black,  and  I perceived  forae  motion 
in  the  animal  when  taken  out  of  the  egg. 

The  next  morning,  upon  opening  more  eggs,  each  Silk-worm 
which  had  lain  in  a round  poft u re  within,  immediately  extended 
itfelf  and  crept  about,  and  I found  that  all  the  moifture  which 
I had  hitherto  obferved  in  the  eggs  was  gone,  it  having  paffed 
into  the  body  of  the  worm,  which  was  perfeÊlly  dry.  In  the 
afternoon  of  the  fame  day,  I obferved  that  feveral  worms  had 
crept  out  of  the  eggs  placed  in  my  clolfet,  whereupon  I fat  about 
examining  the  remainder  of  thofe  eggs,  chafing  fuch  of  them, 
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wherein  the  formation  of  the  animal  appeared  to  be  leaft  ad- 
vanced, whereas  before  this  I had  opened  the  mod  perfect  ones  : 
and  thefe  I found  in  the  fame  forwardnefs  of  growth  as  the  eggs 
I had  opened  on  the  20th  of  May,  and  by  this  time  all  the  dark 
coloured  bodies  of  the  animals,  efpecially  the  head,  might  plainly 
be  difcerned  through  the  tranfparent  fhell. 

This  rapid  formation  of  the  Silk-worm,  and  its  motion  within 
the  egg,  excited  in  me  the  greatefl  admiration,  and  if  I had  not 
profecuted  the  obfervations  I have  been  relating,  I fhould  have 
thought  it  abfolutely  impoffible : for  in  the  preceding  autumn  I 
had  placed  thefe  eggs  in  a much  greater  degree  of  heat  than  they 
were  now  expofed  to,  and  yet  I could  not  at  that  time  promote 
the  perfeft  formation  of  the  animals  within  them.  And,  from  my 
prefent  obfervations,  I was  led  to  conclude  that  it  has  been  an 
effential  property  of  this  creature,  implanted  in  its  fpecies  at  the 
firfl  creation,  that  the  vital  principle  mull  lie  fhut  up  in  the  egg 
for  more  than  the  fpace  of  fix  months,  without  any  augmentation 
of  its  fubftance,  except  in  the  formation  of  that  part  which  is  to 
ferve  firfl  for  the  defence  and  prefervation,  and  afterwards  for 
the  nourifhment  and  increafe  of  the  animal,  and  this  is  the  mem- 
brane or  fkin  I have  before  defcribed ; and  that  were  it  not  for 
this  provifion  made  by  nature,  the  whole  fpecies  of  the  Silk- 
worm would  be  liable  to  perifli  in  one  year  : for  if  a warm  feafon 
in  autumn  fhould  caufe  the  worms  to  be  excluded  from  the 
eggs,  the  fucceeding  cold  and  rains  muff  prove  their  deflru£lion. 

I obferved,  that  the  Silk-worms  always  came  forth  from  their 
eggs  in  the  morning,  and  not  in  the  afternoon.  To  afcertain  this, 
on  the  laft  day  of  May,  in  the  evening,  I counted  the  eggs  I had 
then  left,  which  I found  to  be  about  two  hundred.  The  next 
day,  namely,  on  the  firfl  of  June,  at  fix  in  the  morning,  ninety- 
feven  Silk-worms  had  come  out  of  their  eggs,  and  the  fame  day 
at  dinner-time,  or  about  one  o’clock,  thirty-two  more.  In  all  the 
afternoon,  although  the  atmofphere  was  warm,  only  one  made  its 
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appearance  ; but  the  next  clay,  at  feven  in  the  morning,  forty 
more  were  excluded  from  their  eggs. 

I always  found  that  the  openings  in  the  fhells,  through  which 
the  worms  crept  forth,  was  blackifh  about  the  edges,  and,  as  I 
could  not  conceive  this  blacknefs  to  be  caufed,  merely  by  the 
touch  of  their  bodies  as  they  crept  through  the  opening,  X 
carefully  obferved  the  animals  at  the  time  they  were  employed  in 
biting  or  gnawing  open  the  egg,  and  I always  perceived,  that  in 
doing  this,  they  frequently  emitted  a blackifh  watery  humour  or 
liquid  from  their  mouths,  with  which  they  moiftened  the  fhell  in 
that  part  where  they  were  biting  it,  and  this  not  merely  on  the 
infide,  for  when  they  had  made  the  aperture  large  enough 
for  them  to  emit  this  liquor  on  the  outlide,  they  then  moif- 
tened the  fhell  both  within  and  without.  I alfo  obferved,  that 
when  the  worm  was  about  moiflening  the  fhell,  it  ceafed 
biting  or  gnawing  for  a ftiort  time,  until  (as  X fuppofe)  it  had 
brought  into  its  mouth  a portion  of  the  liquid  for  that  purpofe, 
in  like  manner  as  oxen,  while  chewing  the  cud,  defift  at  intervals 
for  a fliort  fpace,  until  they  have  produced  a frefh  portion  of  their 
food  from  their  flomachs. 

From  hence  X concluded  that  without  this  kind  of  liquid,  it 
would  be  impoffible  for  the  young  Silk-worm  to  open  to  itfelf  a 
paffage  through  the  fhell  of  the  egg.  And  I faw  that  the  animal 
was  very  fparing  in  the  confumption  of  this  liquid ; for  in  that 
part  where  it  had  moiftened  the  fhell,  it  continued  to  bite  or  gnaw 
(without  moving  to  a frefh  place),  until  (as  it  appeared  to  me)  it 
had  eaten  or  taken  into  its  mouth  the  liquid,  and  the  bitten  or 
fcraped-off  part  of  the  fhell.  At  which  inconceivable  perfection 
in  this  little  creature,  X was  ftruck  with  aflonifhment,  and  I drew 
from  it  this  conclufion  in  my  mind,  that  not  only  the  Silk-worm, 
but  other  creeping  infeóts,  when  come  to  maturity  in  their  eggs, 
do  emit  fome  liquid  matter  from  their  bodies,  in  order  to  foften 
the  fhell  in  that  part  where  they  are  endeavouring  to  break  forth^ 
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and  polfibly  this  liquor  may  have  in  it  fome  acute  or  corrofxve 
fait,  fitted  for  foftening  the  (hell  of  the  egg. 

I cannot  quit  this  part  of  the  fubjeft,  without  exhibiting  the 
formation  of  the  Silk-worm  s egg,  becaufe  the  feveral  particles  of 
which  it  confifts,  are  fo  firmly  and  clofely  united  together,  that 
they  preferve  the  liquid  fubftance  within  the  egg  many  months 
without  the  lead  evaporation. 

Pi  ate  n.  fig.  25,  F G II,  is  the  fhell  of  the  Silk-worms  egg 
opened  by  the  animal,  as  it  appeared  to  the  limner  through 
the  microfcope  ; G H,  is  part  of  the  aperture  which  the  worm, 
by  biting  or  gnawing,  opened  for  itfelf,  and  through  which  it 
crept  out  of  the  fhell. 

Some  years  after  the  preceding  obfervations,  I further  profe- 
cuted  my  enquiries  by  obferving  the  Silk-worms  as  they  advanced 
in  growth,  which  I could  eafily  do,  having  two  mulberry  trees  in 
my  garden,  which  fupplied  me  with  food  for  the  worms,  of  which 
I had  three  or  four  hundred  young  ones. 

I have  often  by  the  microfcope  examined  the  cuticle  or  thin 
fkin  which  is  ihed  by  thefe  infers  the  * laft  time  before  they  are 
full  grown,  and  particularly  the  more  folid  part  of  it  which 
covers  the  head  ; and  with  great  wonder,  I beheld  in  it  all  the 
organs  or  members  with  which  the  head  is  furnifhed,  and  parti- 
cularly I faw  a number  of  eyes  difpofed  on  each  fide  of  the  head, 
in  fit  order  to  enable  the  animal  to  fee  every  objeft  around  it  * 
further  to  examine  which,  I have  feveral  times  cut  off  the  heads 
of  full  grown  Silk-worms,  for  otherwife  they  were  in  fuch  continual 
motion,  that  I could  not  clearly  diftinguifh  thefe  eyes.  When 
the  Silk-worms  were  changed  into  aurelias,  I faw  the  fkins  of  their 
heads  and  the  reft  of  their  bodies,  which  they  had  put  off  on  the 
change,  and  upon  examining  thefe  by  the  microfcope,  i always 
found  the  horny  coats  of  the  eyes  in  their  cali-off  fkins.  Several 

* The  Silk-worms  fhed  their  fkins  four  feveral  times,  before  they  begin  to  fpin  their 
cone  or  covering. 
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parts  or  pieces  of  the  head  with  the  eyes  in  them*  I placed  before 
the  microfcope,  and  delivered  them  to  the  limner,  that  he 
might  make  adrawing  of  one  of  them. 

Fig.  26 } QRSTVW,  reprefents  one  fide  of  the  Silk-worm's 
head,  with  fix  eyes  placed  therein ; on  view  of  which,  it  plainly 
appears  that  the  eye  marked  with  the  letter  O,  is  defigned  to 
view  ohjefts  directly  in  front ; that  marked  R,  to  look  a little 
oblicjuely  forwards,  and  at  the  fame  time  upwards ; the  eye 
marked  S,  to  look  on  one  fide,  and  at  the  fame  time  a little 
upwards  ; that  marked  T,  to  look  rather  backwards,  and  alfo 
obliquely  upwards ; the  eye  marked  V,  to  look  entirely  back- 
wards ; and  that  marked  W,  downwards.  And,  confidering  that 
the  eyes  of  thefe  creatures  are  immoveable,  the  number  and  po- 
fition  of  them  as  before  defcribed  (fix  on  each  fide),  are  the  beft 
calculated  for  enabling  the  animal  to  fee  all  circumjacent  objefts. 

At  the  fame  time,  I obferved  the  teeth  or  pincers  with  which 
the  head  is  provided,  and  with  which  this  animal  bites  or  chews 
the  leaves  it  feeds  on  ; a row  or  fet  of  thefe  teeth  is  placed  on 
each  fide  of  the  head,  and  they  mod  exaftly  fit  into  or  cor- 
refpond  with  each  other.  Fig.  27,  ABODE,  reprefents  thofe 
teeth  which  were  placed  on  the  right  fide  of  the  head,  and  here 
may  plainly  be  feen  how  each  tooth  has  a thicknefs  or  riling  about 
the  middle  of  it,  in  order  to  give  it  ftrength,  whereas  the  parts  of 
theteeth  between  D and  E,  are  exceedingly  (harp  and  fine,  in  order 
more  effectually  to  cut  or  chew  the  leaves  : and  each  of  thefe 
teeth  has  the  fame  thicknefs  or  rifing,  both  on  the  infide  and  out- 
fide.  The  part  reprefented  at  A BCD,  appears  very  thick  in 
proportion  to  its  fize,  but  upon  more  narrowly  examining  it,  I 
found  that  this  thicknefs  did  not  confift  of  a folid  bone,  but  was 
hollow  within,  which  cavity  probably  had  been  filled  by  fome 
kind  of  mufcle.  At  A and  B,  appear  two  round  boney  parts, 
which  in  my  opinion  fit  into  hollow  fockets  in  the  head,  fo  as  to 
give  the  teeth  free  and  fufficient  motion* 
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When  1 firft  examined  the  Silk-worm’s  thread  by  the  micro- 
fcope,  it  lèemed  to  me  not  to  be  of  a round  form  but  flat,  for  the 
fame  thread  appeared  in  fome  places  four  times  thicker  or 
broader  than  in  others,  I alfo  thought,  that  each  of  the  threads 
was  double,  or  compofed  of  two  others,  forafmuch  as  the  mid- 
dle of  the  thread  always  feemed  darker  than  the  reft,  and  the 
whole  appeared,  as  if  one  were  to  fuppofe,  two  tranfparent  threads 
lying  clofe  and  parallel  to  each  other,  and  glued  or  faftened  to- 
gether, and  each  of  thefe  two  threads  not  to  be  fo  pellucid  at  the 
tides  as  in  the  middle. 

I next  confidered  with  myfelf,  whether  thefe  fingle  threads 
might  not  be  compofed  of  many  fmaller  ones,  and  having  at 
length  found  means  to  break  or  feparate  them  into  very  fmall 
fragments,  I plainly  perceived  each  of  them  to  be  compofed  of  a 
number  of  exceftively  minute  filaments. 

Farther,  I placed  a Silk-worm  which  was  beginning  to  fpin  its 
ball  or  covering,  in  a glafs  tube,  large  enough  to  give  the  animal 
liberty  to  move  and  turn  itfelf  about,  and  I obferved  it  to  fix  the 
thread  in  various  places,  fometimes  to  the  glafs  and  afterwards  to 
the  threads  already  fpun,  by  means  of  a certain  glutinous  or 
gummy  matter,  with  which  the  threads  are  fmeared  when  they 
firft  iftue  from  the  animal’s  body.  In  the  progrefs  of  its  fpinning 
or  forming  its  ball  or  cone,  the  Silk-worm  frequently  changed  its 
pofition,  and  carried  the  thread  by  various  turnings  and  windings 
in  every  direction,  it  being  implanted  in  this  creature  by  nature, 
always  to  form  its  cone  or  web  of  an  equal  fubftance  and  ftrength 
in  every  part  next  its  body. 

Upon  examining  this  cone  or  ball  of  filk  by  the  microfcope,  I 
perceived  in  hundreds  of  places,  that  the  threads  of  which  it  was 
compofed,  were  not  fingle  but  double  threads,  and  this  was  more 
particularly  diftinguifhable  in  thofe  places  where  they  were  bent 
in  a very  ftiort  elbow  or  turning  in  their  fixure,  either  to  the  glafs 
or  to  one  another.  This  is  explained  at  fig.  28,  A BCD,  which 
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reprefents  a very  fmall  particle  of  the  Silk-worm’s  thread,  and  this 
is  here  feen  to  be  formed  of  two  others*  which*  for  the  greateft 
part,  are  joined  together  as  at  letter  A,  but  where  there  is  a fhort 
turning  or  winding  they  are  feparated,  and  appear  in  two  parts.  This 
double  thread  remains  united,  by  means  of  the  vifcous  or  gummy 
matter  before  mentioned,  until,  by  being  immerged  in  water,  the 
gum  is  diflolved. 

Now,  if  we  confider  that  the  Silk-worm’s  threads  are  not  round 
but  flat,  we  fhall  prefently  difcover  the  reafon  why  no  fubftance, 
whether  of  wool  or  hemp,  how  fine  foever  it  may  be,  can  be  formed 
into  cloths  or  fluffs,  that  will  compare  with  filken  garments  in  the 
gloflinefs  of  their  appearance.  For,  the  flat  furfaces  of  the  filken 
threads,  refleft  the  light  more  copioufly  and  ftrongly,  producing 
their  glittering  or  glofly  appearance,  whereas  the  light  which 
Alines  on  fmall  round  bodies  is  very  little  reflected  from  them. 

In  order  to  exhibit  the  flatnefs  of  thefe  double  threads  more 
plainly  to  the  limner,  I twified  fome  of  them  a little,  and  then 
placing  them  before  the  microfcope,  I caufed  him  to  make  a 
drawing  thereof.  One  of  thefe  threads  is  (hewn  at  fig.  29,  E F G H I, 
and  between  the  letters  F G and  H I,  it  is  pictured  as  feen 
obliquely,  proving  that  the  threads  as  fpun  by  the  worm  are  not 
round  but  flat ; they  are  likewife  fo  tranfparent,  that  one  thread 
can  eafily  be  feen  through  another  which  is  placed  upon  or  over 
it. 

Let  us  but  attentively  confider  the  make  and  compofition  of 
fuch  a thread  as  the  Silk-worrn’s,  bearing  in  mind  alfo,  how  won- 
derful mull  be  the  flrufture  of  the  creature’s  body  from  which 
thefe  double  threads  are  produced,  each  of  which  again  con  lifts  of 
a great  number  of  oblong  particles  or  I mailer  filaments  ; and  when 
we  further  refleft  that  from  fo  moift  and  watery  a body  as  is  the 
Silk-worm’s,  fuch  ftrong  and  tough  threads  are  produced,  capable 
of  being  applied  to  the  many  purpofes  we  continually  experience* 
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who,  upon  feeing  all  this,  can  refrain  from  exclaiming  with  me 
“ How  infcrutable  and  incomprehenfible  are  the  hidden  works  of 
“ Nature  !” 

The  filken  cafe  or  web  of  which  I am  now  treating,  and  which  the 
induflry  and  ingenuity  of  mankind  has  converted  to  fo  many  ufeful 
purpofes,  is  conftrufted  by  the  animal  for  no  other  end  than  that, 
when  its  change  into  a chryfaiis  or  aurelia  approaches,  and  it  can- 
not then  be  concealed  under  the  leaves  of  the  trees,  nor  can  during 
the  time  of  its  change  adhere  to  any  thing,  nor  even  change  its  place? 
and  during  all  that  time  lies  as  it  were  motionlefs,  it  may  be  preferved 
from  becoming  a prey  to  birds ; and  this  I am  well  convinced  is  the 
cafe  with  all  infefts  of  the  caterpillar  kind,  which,  when  they  are 
full  grown,  and  their  change  approaches,  wrap  themfelves  in  forne 
kind  of  web  or  covering. 

But  my  chief  objeft,  in  all  thefe  my  obfervations,  was,  to  difcover 
as  much  as  poffible  the  nature  of  that  organ  from  which  thefe  two 
threads  proceed,  and  by  what  contrivance  they  are  joined  fo 
clofely  together  : the  common  opinion  refpefting  which  threads  is, 
that  they  iflue  from  the  animals  mouth.  For  this  purpofe  I found 
it  necefiary  to  fix  a Silk-worm  on  its  back,  and  then  the  organ, 
which  is  placed  below  the  mouth,  appeared  in  fight.  Fig.  30,  ABC, 
exhibits  this  organ.  The  parts  marked  DE  and  F G are  placed 
below  the  mouth,  and  the  organ  from  which  the  threads  iffue  is 
fituated  ftill  lower.  While  the  limner  was  making  this  drawing, 
fiome  part  of  the  teeth  appeared  in  his  view,  which  he  alfo  included 
in  the  figure,  at  the  letters  H I K,  and  this  was  done,  more  clearly 
to  prove,  that  the  threads  do  not  proceed  out  of  the  Silk-worm's 
mouth,  as  is  the  vulgar  opinion. 

After  I had  difcovered  the  particulars  above  enumerated,  I en- 
deavoured to  inveftigate  the  matter  or  fubftance  from  which  the 
threads  are  formed  in  the  body  of  this  infeft.  For  this  purpofe  I 
cut  off  the  heads  of  feveral  Silk-worms  which  had  begun  to  fpin 
their  web  or  cone,  and  then  I faw,  befides  the  other  internal  parts: 
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two  oblong  and  round  bodies  four  times  folded  or  doubled  to- 
gether,  which  I took  out  of  the  animals  body.  Thefe  parts 
were  almoft  twice  the  length  of  the  Silk-worm,  and  at  one  end, 
the  fituation  of  which  I conceived  was  in  the  head,  they  terminated 
in  a point,  and  fometimes  I faw  blue  from  this  pointed  end,  an  ex~ 
ceffively  (lender  thread,  four  times  the  length  of  the  Silk-worm. 

Thefe  organs,  or  rather  vefiels,  in  the  thickeft  parts  of  them,  were 
of  a red  colour,  yet  when  examined  by  the  microfcope  they  feemed 
yellow;  but  when  I feparated  the  inner  from  the  external  part  of 
them,  the  exterior  part  feen  by  the  naked  eye  appeared  of  a per- 
feci yellowy 
* 

Fig.  31,  L M M,  (hew7s  one  of  thefe  bodies  or  parts  wdiich  I have 
been  juft  defcribing,  and  of  the  fame  fize  it  appeared  to  the  naked 
eye  v/hen  dry  and  contracted.  The  letters  Mand  N denote  how7  far 
the  red  colour  extended  ; from  L to  M w7as  of  a perfect  yellow,  and 
here  (judged  that  the  thread  when  produced  from  the  interior  part 
of  the  animal’s  body  was  kept  ready  for  ufe.  At  N is  the  fmallend^ 
the  fituation  of  which  was  near  the  head,  and  indeed  wdthin  the 
head  itfelf.  Between  L and  O,  in  my  judgment,  is  the  way  or  paflage 
through  wdiich  is  conveyed  the  matter  or  fubftance  of  which  the 
threads  are  compofed.  This  part  w7as  of  a yellow  colour,  and  is 
longer  than  here  pictured,  being  broken  off  at  O.  Another  part 
or  organ  of  the  fame  make  and  fhape,  was  alfo  contained  in  the 
Siik-vTorms  body,  and  from  thefe  two  parts  the  fubftance  is  fup* 
plied  for  producing  the  twro  diftinól  threads  I have  been  defcrib* 

ing‘ 

Sometimes  when  this  part  or  organ  w7as  broken  off  at  N,  I per#* 
ceived  in  it  a kind  of  cavity,  but  extremely  minute. 

I oftentimes  took  hold  of  the  end  of  the  thread  which  the  Silk- 
worm was  preparing  to  fpin,  and  drew7  it  out  from  the  body  wTith 
fo  much  rapidity,  as  by  twenty-five  times  to  exceed  the  fwdfteft 
motion  of  the  worm  in  its  own  fpinning ; and  I found  that  wdien 
the  thread  was  drawn  forth  to  the  length  of  about  fifteen  or  fix- 
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teen  inches,  it  broke  off,  either  near  the  organ  from  whence  the 
threads  proceed,  (marked  in  Jig.  30,  with  the  letter  C)  or  elfe  with- 
in the  body  of  the  Silk-worm  itfelf.  And  on  thefe  oceanons  I alfo 
obferved  that  the  threads  were  covered  with  much  more  of  the 
vifcous  or  gummy  fubftance  than  ufually  adheres  to  them  when  fpun 
by  the  worm,  which  fubflance  alfo  appeared  of  a yellow  colour. 

Further,  I took  a Silk-worm  which  had  fpun  more  of  its  ball  or 
cone  than  any  I had  before  examined,  and  on  opening  it,  I per- 
ceived that  the  part  which  in  Jig.  30,  had  appeared  of  a red  colour 
was  now  quite  yellow ; and  when  I opened  another  Silk-worm 
which  had,  as  it  were,  confumed  or  exhaufted  all  its  filk  in  fpinning 
the  web,  the  fame  parts  appeared  quite  of  a pale  colour. 

When  I examined  by  the  microfcope  that  part  which  is  repre- 
fented  in  Jig-  31,  at  LMN,  1 difcovered  inita  great  number  of  blood 
veffels,  moflly  compofed  of  annular  parts  or  rings.  A final!  por- 
tion of  one  of  thefe  vefsels  in  a place  where  it  divides  into  two 
branches,  is  reprefented  at  Jig . 32,  FGHIK,  This  was  not  one 
of  the  largeft  vefsels  I faw,  for  near  to  it  was  one  four  times  the 
fize. 

I have  at  feveral  times  when  the  Silk-worms  had,  as  I fuppofed, 
nearly  finifhed  their  web  or  covering,  cut  it  open,  in  order  to 
obferve  the  change  they  underwent,  and  at  that  time  I remarked, 
that  when  the  fkin  about  the  head  became  loofened,  the  worm 
was  then  changed  into  a chryfalis  or  aurelia,  and  nothing  wanting 
to  compleat  that  change,  but  the  putting  off  its  fkin  of  a worm. 
But  when  I myfelf  endeavoured  to  ftrip  off  this  fkin,  I found  the 
under  one  fo  foft  and  tender,  that  I could  not  avoid  injuring  it. 

Moreover,  I have  examined  by  the  microfcope  the  Silk-worm, 
when  it  firft  iffued  from  the  egg,  to  difcover,  if  pofhble,  whether  the 
exceeding  (lender  thread  fpun  by  fo  minute  a creature  was  a double 
thread,  and  in  more  than  one  inflance,  I found  this  to  be  the 
cafe.  Thefe  threads  I judged  to  be  above  a thoufand  times  flen- 
derer  than  thofe  fpun  by  full  grown  Silk-worms,  and  they  were  all 
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covered  with  a proportionable  quantity  of  the  glutinous  or  gummy 
matter  before-mentioned.  In  fiiort,  there  is  no  doubt  that  the 
fame  perfections  exift  in  a newly-hatched  Silk-worm,  as  can  be 
difcovered  in  one  full  grown. 

I have  frequently  examined  the  flying  infeft,  moth  or  butterfly  pro- 
duced from  the  aurelia  or  chryfalis  of  the  Silk-worm ; and,  having 
before  particularly  defcribed  the  eyes  of  this  creature  while  a worm, 
I now  employed  myfelf  to  difcover  the  nature  of  its  eyes,  when 
changed  into  a moth  ; and  for  this  purpofe  I placed  before  the  mi- 
crofcope  one  of  thofe  organs  of  fight,  which  in  this  animal  is  com- 
monly deemed  one  eye.  This  is  protuberant  or  rifing  above  the 
head,  rather  more  than  an  hemifphere,  and  is  compofed  of  a num- 
ber of  fmaller  optical  organs  : Thefe  I counted  with  the  greatefh 
exaftnefs  I was  able,  beginning  at  the  bottom  of  the  hemifphere, 
and  proceeding  to  the  fummit  or  uppermoft  part  of  it,  which  dif- 
tance  made  the  fourth  part  of  a fphere ; and  in  this  fpace  I count- 
ed thirty-fix  optical  organs  or  eyes.  But,  not  fatisfied  with  my 
own  computation,  I delivered  the  microfcope  to  the  limner,  de- 
firing him  to  count  them,  and  in  the  fame  fpace  he  reckoned  thir- 
ty five.  This  latter  number  I will  fuppofe  to  be  right,  and  from 
it  I proceed  to  compute  as  follows  a — If  the  fourth  part  of  the  cir- 
cumference or  great  circle  furrounding  a fphere  contains  thirty-five, 
the  entire  circumference  will  contain  140.  Now  Metius  informs  us, 
that,  having  the  length  of  the  great  circle  in  a fphere,  the  calcula- 
tion of  the  whole  fuperficies  of  fuch  fphere  is  beft  and  eafieft  com- 
puted, thus  : As  22  is  to  7,  fo  is  the  quadrature  of  the  great  circle 
to  the  fuperficies  of  the  fphere,  therefore  in  the  prefen t cafe  the 
computation  is  as  follows 

As  22 — —7— 19600  140  the  circumference  or  length  of  the 

7 140  I great  circle. 
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19600  the  quadrature  of  the  great  circle. 
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From  lienee  it  follows,  that  each  of  the  fmall  parts  or  organs 
of  fight  of  this  infeft,  which  is  vulgarly  deemed  but  one  finale 
eye,  is  compofed  of  more  than  three  thoufand  optical  organs  or 
eyes,  but  if  both  parts  together  con  itute  a fphere,  they  then 
contain  6236  optical  organs  or  eyes. 

I have  caufed  this  part  or  eye  of  the  infeft  to  be  drawn  of  the 
fame  fize  as  it  appeared  to  the  naked  eye  of  the  limner,  to  give  the 
better  idea  of  the  wonders  which  are  concealed  in  fo  fmall  an 
animal.  This  is  (hewn  at  fig.  33,  between  the  letters  L and  M. 
Each  of  the  optical  organs  contained  in  this  eye  is  feparatecl  from 
the  reft  by  a line  or  divifion  of  fix  fides,  or  of  an  hexagonal  figure, 
and  all  thefe  hexagonal  organs  or  eyes  are  placed  in  the  moft  exact, 
order  that  can  poftibly  be  conceived.  A few  of  them,  as  feen  by 
the  microfcope,  are  feen  at  Jig.  33,  a,  b,  c,d. 

When  this  little  part,  cleared  from  the  optic  nerves  within  it, 
was  placed  before  the  microfcope,  all  the  furrounding  objefts 
were  clearly  to  be  feen  through  each  of  the  fmall  optical  organs 
I have  been  deferibing,  though  wonderfully  diminutive  ; for  the 
great  tower  or  fteeple  of  our  new  church  in  Delft,  which  is  three 
hundred  feet  high,  and  about  feven  hundred  and  fifty  feet  diftant 
from  my  houfe,  when  viewed  through  any  one  of  thefe  optical 
organs,  appeared  no  larger  than  the  point  of  a fmall  needle 
feen  by  the  naked  eye  : and  from  hence  may  eafily  be  coliefted 
how  minute  the  optic  nerves  mu  ft  appear  to  me. 

Now,  if  v/e  confider  that  a Silk-worm,  within  the  fpace  of  eight 
or  nine  days,  {hall  not  only  have  fpun  its  web,  cone,  or  ball,  but 
alfo  {hall  be  changed  into  an  aurelia  or  chryfalis,  and  that  in  the 
fame  fpace  of  time,  not  only  its  eyes  but  all  the  members  pertain- 
ing to  it  as  a flying  infeft  fhall  be  formed,  who  can  avoid  being 
ftruck  with  amazement  at  all  thefe  wonders  in  one  Silk-worm  ? 
And  yet,  how  little  do  we  difeover  in  com  pari  foil  of  thofe  things 
which  now  are  and  for  ever  will  be  hidden  from  our  fight  ? the 
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whole  of  which  I am  fully  perfuaded  no  one  will  ever  be  able  to  dive 
into,  and  to  explain  their  caufes  and  effeds. 

If  we  examine  the  wings  of  this  creature  by  the  microfcope, 
we  fhall  find  them  covered  with  an  incredible  number  of  fea- 
thers, of  fuch  various  forms,  that  if  an  hundred  or  more  of 
them  were  to  be  feen  lying  together,  each  would  appear  of  a 
different  fhape.  To  (hew  more  dearly  this  wonderful  object,  I 
caufed  eight  different  feathers  to  be  delineated,  for  I do  not 
remember  that  I ever  faw  them  of  fo  curious  a make  in  any  other 
flying  in  fed.  Thefe  feathers  are  (hewn  at fig.  34,  A B G D E F G H 
I K L M N O,  and  the  letters  A C E G I L M,  denote  their  quills 
which  were  fixed  in  the  membrane  or  (kin  of  the  wing» 

Although  the  microfcope  by  which  thefe  feathers  were  drawn, 
rep  refen  ted  objects  very  diftindly,  the  limner  could  not,  through 
it,  fee  the  (freaks  or  ribs  in  each  feather,  until  I pointed  them 
out  to  him.  Therefore  I put  into  his  hands  a microfcope 
which  magnified  objeds  almoft  as  much  as  that  by  which  the 
Silk  worm's  thread  was  drawn,  defiring  him  to  give  the  figure  of 
that  feather  which  through  it  he  could  fee  the  mod  diftindly. 
This  is  done  at  fig.  35,  P OR,  in  which  plainly  appear  a great 
number  of  ftreaks  or  parts  like  ribs,  which  give  ftrength  to  the 
feather,  and  in  forne  of  thefe  feathers,  where  they  fpread  very  wide, 
as  at  the  part  marked  R,  I have  counted  as  many  as  thirty  of 
thefe  flreaks,  and  if  we  confider  that  every  feather  is  nourifhed 
through  the  quill  which  is  pidured  at  P,  how  many  and  how  various 
muff  be  the  vedels  in  this  quill  ? 

After  this,  I wiped  off  the  feathers  from  a part  of  one  of  the 
wings,  that  I might  difcover  how  clofe  they  were  placed  together, 
and  I found  that  they  were  about  an  hair's-  breadth  afunder.  And  if, 
as  a certain  writer  afferts,  640  hairs  breadths  are  equal  to  one  inch, 
we  may  demonftratively  conclude,  that  the  four  wings  of  this  infed 
are  covered  with  more  than  four  hundred  thoufand  feathers,  for  the 
furface  of  all  the  wings  when  laid"  fide  by  fide  takes  up  almoft  three 
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quarters  of  a fquare  inch  ; and,  as  each  wing  is  covered  on  both  fides 
with  feathers,  this  makes  the  fpace  of  an  inch  and  an  half  fquare.  To 
which  if  we  add,  that  the  body  and  legs  of  this  butterfly  are  covered 
with  as  many  feathers  as  are  on  the  wings,  the  number  of  feathers 
above  enumerated  will  be  doubled* 

I then  examined  the  boney  parts  which  give  ftrength  and  ftiffnefs 
to  thefe  wings,  and  I faw  more  plainly  than  in  other  flying  infe&s 
the  crooked  or  twifted  veins  within  them.  A very  fmall  portion 
of  one  of  thefe  boney  parts  is  {hewn  at  fig.  36,  A E CD  E F,  within 
which  is  feen  that  twifted  vein,  and  where  the  bone  is  divided  into 
two  parts,  the  vein  is  the  fame.  In  the  fame  figure,  at  ABH,  is  re- 
prefented  a fmall  part  of  the  membrane  or  fkin  of  the  wing  ftripped 
of  its  feathers.  The  dots  in  it  indicate  the  cavities  wherein  the 
quills  of  the  feathers  had  been  fixed. 

It  is  alfo  a pleafant  objeft  to  behold  the  curioufly  formed  claws 
in  each  of  the  fhort  feet  of  the  Silk-worm,  and  which  are  {bed  or 
put  off  with  the  fkin  at  the  animal’s  change  into  an  aurelia,  one  of 
thefe  is  fhewn  at fig.  37,  I K L,  and  when  changed  into  a flying  in- 
feft  or  butterfly  each  foot  is  furnifhed  with  two  nails  or  claws,  with 
which  it  very  ftrongly  clings  to  every  thing  it  touches.  Thefe  nails 
or  claws  are  fhewn  at  fig.  38,  M N O. 

To  clofe  this  fubjeft ; feeing  that  the  Silk-worm,  in  its  change, 
only  puts  off  the  fkins  of  its  feet,  and  that,  in  the  fame  places 
where,  while  a worm,  it  had  very  fhort  feet;  it  is,  when  a butterfly, 
furnifhed  with  legs,  covered  with  numbers  of  feathers,  and  armed 
with  nails  or  claws  as  before  defcribed,  the  metamorphofis  or 
change  of  this  creature  mu  ft  feem  almoft  incredible,  and  cannot 
but  excite  in  us  the  greateft  admiration. 


On  the  nature  of  the  fcales  of  Fifhes%  and  how  the  age  of  thofe 
Animals  may  be  detet  mined  by  obfervation  of  the  fcales;  The 
Authors  reafonings  and  opinion  refpehling  the  Longevity  of  this 
part  of  the  Animal  Creation . 


It  is  the  opinion  of  the  Jews  that  they  are  forbidden  by  their 
law  to  ufe  the  Eel  as  food,  becaufe  that  Fifh  is  faid  to  be 
without  fcales  ; and  in  the  book  of  Deuteronomy , Chap.  xiv. 
v.  i o.  it  is  written,  e£  whatfoever  hath  not  fins  and  fcales,  ye  may 
C£  not  eat,  it  is  unclean  unto  you  ; ” and  in  Leviticus , xi.  v.  12,  are 
thefe  words,  (which  they  apply  to  the  fame  fpecies  of  Fifh,)  what- 
££  foever  hath  no  fins  nor  fcales  in  the  waters,  that  fhall  be  an 
ee  abomination  unto  you. 

But  when  I examined  this  kind  of  Fifh,  by  the  microfcope,  after  I 
had  cleared  away  that  vifcous  or  flimy  matter  which  adheres  to 
them,  I found  their  fkins  to  be  as  completely  covered  with  fcales 
as  thofe  of  any  other  river  Fifh,  which  fcales  (though  very  fmall 
and  thin)  lie  as  clofe  together  and  are  placed  one  on  another  in  as 
regular  order  as  can  be  obferved  in  any  other  Fifh  whatever,  whether 
of  frefh  or  fait  water.  Moreover,  this  fpecies  of  Fifh  is  provided  with 
fins  equally  as  others,  namely,  one  at  the  head  ; and  one  above, 
and  another  below,  the  tail  ; and,  becaufe  I apprehend  that  this 
difcovery  of  mine  is  new,  at  leafl  to  perfons  of  the  Jewifh 
nation,  (for  to  this  day  they  deem  this  delicate  Fifh  to  be  unclean. 
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clean,  and  hold  it  as  an  abomination  to  them,)  I determined  to 
give  a figure  of  one  of  thefe  fcales,  (taken  from  the  belly  of  the 
Fifh,  where  they  are  the  fmalleft,)  as  it  appeared  through  the 
microfcope. 

Plate  III.  jig.  i,  A B CD,  exhibits  this  fcale  ; it  was  taken  from 
the  belly  of  a large  Eel,  which,  next  the  head  was  of  the  thicknefs 
of  feven  fingers  or  thereabouts  : on  the  back  and  fides  of  this  Fifh 
the  fcales  are  larger.  The  greateft  part  of  this  fcale,  ADC  was 
covered  by  two  others.  The  part  B,  was  placed  towards  the 
tail,  and  in  this  pofition  were  all  the  fcales  ; they  were  all  prin- 
cipally compofed  of  a kind  of  globules  or  little  balls,  which 
globules  in  many  places  exhibited  an  appearance,  as  if  they  were 
covered  with  a cobweb,  which  by  reafon  of  its  exceffive  finenefs, 
could  not  be  expreffed  in  the  drawing.*  In  thefe  fcales  the  globules 
compofmg  them  were  very  tranfparent,  though  fome  more  than 
others  ; again,  fome  had  in  them  a dark  fpot.  Thefe  opaque 
globules  lying  in  rows  contiguous  to  each  other,  produced  the 
appearance  of  divers  circles  or  rings  on  the  face  of  the  fcale.  And 
although  I did  not  obferve  thefe  fcales  to  be  exaftly  alike,  yet 
the  circles  or  rings  feemed  to  me  to  be  of  the  fame  number  in  all  of 
them,  whence  I was  led  to  conclude,  that  the  fcale  had  been  every 
year  augmented  by  the  addition  of  one  circle,  and  confequently, 
that,  as  there  were  feven  circles  in  this  fcale,  this  Eel  was  probably 
feven  years  old.  Thefe  circles  are  marked  in  fig . 1,  by  the  letters 
E F G H I K L,  and  at  X the  fcale  is  reprefented  of  the  fame  fize 
as  it  appeared  to  the  naked  eye. 

Having  examined  the  fcales  on  the  body  of  a very  large  Eel,  I 
perceived  that  thofe  on  the  back  and  belly  of  the  Fifh  were  placed  in 
regular  and  even  courfes  behind  each  other,  but  that  thofe  between 
the  back  and  the  belly  were  many  of  them  laid  obliquely,  fome 

* This  appearance  Teems  to  have  been  afterwards  more  fully  inveftigated  by  the  Au- 
thor, and  explained  by  a drawing,  as  will  appear  in  the  following  pages. 
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towards  the  belly  and  others  towards  the  back,  but  all  fo  difpofed 
as  to  cover  the  (kin  exaftly  in  every  part. 

* After  this,  I examined  the  matter  or  fubdance  with  which  thefe 
fcales  are  covered,  which,  as  well  as  the  fcales,  has  been  generally 
deemed  nothing  more  than  dime,  and  is  by  mod  perfons  thought 
to  be  an  excrementitious  matter,  adhering  to  this  fpecies  of  Fifh  ; 
but  I am  now  convinced  by  experience,  and  the  cleared  ocular 
demondration,  that  this  fuppofed  dime  does  not  collect  on  the 
animals  body  from  without,  but  is  really  part  of  the  body  itfelf ; 
forasmuch  as  this  fubdance,  although  it  appears  to  the  naked 
eye.  and  very  often  through  the  microfcope  no  otherwife  than  like 
a cryftalline  or  pellucid  humour  or  fubdance,  vet  in  fact  it  is  no 
other  than  a congeries  or  colleftion  of  veins  or  vedels,  which  in  their 
exquifite  dnenefs  or  dendernefs  do  alrnod  exceed  belief,  fpreading 
themfelves  one  among  another  in  fuch  an  ineomprehenfible  and 
immenfe  number  of  branches,  that  I could  not  contemplate  them 
without  the  greated  admiration.  Indeed,  many  were  lo  thin  and 
dender,  that  I could  not  difcover  them  without  the  mod  careful 
attention,  and  I thought  it  probable  that  there  might  be  others  dill 
more  minute,  fo  as  entirely  to  efcape  the  fight.  Such  of  thefe 
vedels  as  I could  didmctiy  perceive,  I judged  to  be  fo  fmall 
(meafuring  them  by  my  eye)  that  if  one  of  the  globulesf  of 
blood  from  whence  its  rednefs  proceeds,  were  to  be  divided  into  a 
thoufand  parts,  not  one  of  thofe  parts  could  pafs  through  thefe 
wonderfully  thin  and  dender  vedels. 

From  thefe  obfervations  I concluded,  that  this  fubdance  only 

* Thefe  obfervations  of  the  Author  on  the  Eel  appear  to  have  been  written  pofterior 
to  the  time  when  he  publilhed  the  preceding  ones,  and  it  fhould  feem,  that  what  he  before 
deferibes  to  be  an  appearance  like  a cobweb  adhering  to  the  fcales,  is  the  effe£t  of  the 
veffels  here  deferihed. 

+ The  Author’s  computation  of  the  hze  of  a globule  of  blood,  will  be  found  in  another 
place,  where  he  treats  of  that  fubjeft. 
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anfwers  the  purpofeof  a membrane  or  (kin  lying  next  to  the  fcales, 
and  that,  when  an  Eel  is  creeping  through  a narrow  palfage  or  hole, 
a part  of  this  membrane  or  cuticle,  which  we  call  flime,  is  rub- 
bed off  in  the  paffage;  and  that  when  Eels  are  kept  in  any  kind  of 
veffel  without  water,  and  in  their  motion  wear  off  this  cuticle,  they 
cannot  long  furvive ; and  upon  my  talking  over  this  fubjeft  with 
a Fifh-monger,  who  was  a very  intelligent  man  in  his  bufinefs, 
he  confirmed  all  that  I have  here  mentioned. 

Further,  I imagined  that  this  cuticle  or  fkin  fo  covering  the 
fcales  of  Eels,  and  in  fome  fort  proceeding  from  the  fcales 
themfelves,  and  the  veffels  which  in  a great  meafure  compofe  that 
fkin  which  we  imagine  to  be  flime,  extend  fo  far  and  wide,  that  the 
veffels  proceeding  from  one  fcale  fpread  over  more  than  twenty- 
five  others,  and  that  this  is  the  reafon  why  this  flimy  matter 
covering  the  fcales  is  fo  thick  and  tough. 

But,  not  yet  fatisfied  with  thefe  obfervations,  I endeavoured 
to  find  out  the  veffels  in  the  fcales  from  whence  thefe  flimy 
excrementitious  veffels  were  formed,  and  in  order  to  exhibit  more 
plainly  the  rough  or  wrinkled  make  of  the  fcales,  I have  caufed  an 
exceeding  fmall  particle  of  one  to  be  delineated,  the  appearance 
of  which,  by  the  microfcope,  was  that  of  a lucid  or  bright  cryflal, 
both  within  and  without.  This  is  fhewn  in  fig.  2,  I K L M,  wherein 
the  fide  I M,  reprefents  that  part  which  was  fixed  or  rooted  in  the 
Fifh,  being  about  the  length  of  two  common  grains  of  fand.  I have 
fometimes  divided  the  fcales  of  this  Fifh  into  fmall  parts,  and  I always 
found  that  though  the  wrinkles  in  them  appeared  very  pellucid,  they 
were  compofed  of  nothing  but  thofe  inconceivably  flender  ft reaks, 
or  rather  veffels,  mixed  and  twifted  one  within  another,  as  is  in 
fome  fort  reprefented  in  this  figure  by  the  letters  K L N. 

Some  years  after  the  preceding  obfervations  were  publifhed, 
I received  from  a perfon  of  fome  note  in  this  city,  a parcel  of  fcales 
taken  from  a very  large  Carp  which  had  been  kept  in  his  Fifh-pond, 
and  was  fo  tame  that  it  would  take  food  out  of  a perfon  s hand. 
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But  in  the  time  of  a fevere  froft,  the  gardener  being  employed  in 
breaking  the  ice  with  an  hatchet,  to  give  frefh  air  to  the  Fifli  in  the 
pond,  this  Carp  came  to  the  hole,  and  unfortunately  received  a 
wound  from  the  hatchet,  which  occafioned  its  death.  This  Fifli 
was  in  length  42^  inches,  and  in  circumference  at  the  thickeft  part 
of  its  body  33^  inches. 

In  order  more  eafily  to  cut  one  of  thefe  fcales  in  pieces,  I fteeped 
it  in  warm  water,  and  then  I cut  off'  a dice  from  it,  palling  through 
that  part  where  the  firft  formation  of  the  fcale  appeared,  which  origi- 
nal fcale  was  very  minute,  and  I then  obferved  forty  rows  of  fcales 
lying  one  on  another,  or  in  other  words,  this  Angle  fcale  was  a cluf- 
ter  of  forty  other  fcales  lying  on  one  another.  For  every  year  a new 
fcale  fomewhat  larger  than  that  immediately  preceding  it,  is  added 
tot  he  number,  and  is  as  it  were  glued  to  the  former  ones,  therefore 
as  many  of  thefe  fcales  as  are  found  thus  joined  together,  fo  many 
are  the  years  of  the  Fifh’s  age.  This  affertion  of  mine  is  however 
violently  contradifted,  becaufe  many  people  think  that  I cannot 
by  any  means  prove  what  I affirm. 

I determined  therefore,  to  cut  off  a (lice  from  this  fcale  very 
obliquely,  whereby  the  rows  of  the  component  fcales  might  be  more 
dearly^  difcerned,  and  I caufed  a drawing  of  this  to  be  made  from 
the  micro fcope,  which  is  fliewn  at  fig.  3,  A B C D ; the  part  reach- 
ing from  A to  B,  or  from  D to  C denotes  the  difference  in  fize 
by  which  each  newly-formed  fcale  exceeds  that  of  the  preceding 
year,  the  whole  thicknefs  of  the  fcale  as  it  appeared  through  the 
microfcope,  is  the  fpace  between  B and  C,  but  in  fa£t,  the  real 
thicknefs,  as  feen  by  the  naked  eye,  is  no  more  than  that  of  an 
hog’s  briftie. 

An  other  piece  of  the  fame  fcale,  cut  ftill  more  obliquely,  I placed 
before  another  microfcope,  a drawing  of  which  is  given  at  fig.  4, 
E F G H.  The  fpace  between  E and  F is  the  thicknefs  of  the 
fcale,  and  as  many'  divifions  or  rows  as  are  there  pictured,  fo  many 
oi  the  fmall  component  fcales  lie  heaped  one  on  another,  (atleaff 
as  far  as  the  limner  was  able  to  obferve  them,)  and  fo  many 
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years  had  elapfed  between  the  formation  of  the  fuff  fcale,  and  all 
the  others  which  were  added  to  it. 

This,  cutting  or  flicing  off  pieces  from  the  feales,  does  not  fuc- 
ceed  equally  well  in  all,  for  fometimes  their  thinnefs  caufes  it  to 
fail,  but  if  the  extremity  of  each  fcale  can  but  be  perceived,  the 
acre  of  the  Fifh  mav  be  gathered  from  it  with  little  danger  of 
mifiake.  In  order  to  fhew  this  irregular  kind  of  feet  ion,  I caufeda 
fmall  piece  of  that  defeription  to  be  drawn  from  the  microfeope,  and 
this  is  {hewn  in  fig.  5,  I K L M ; here  the  additional  feales  prod  uced 
every  year,  fometimes  appear  of  a darker  {hade  than  they  are  in 
reality,  and  therefore  the  yearly  increafe  in  fize  feems  reprefented 
at  I O and  M O,  but  the  addition  of  three  years  growth  appears  at 
I O K.  At  fig.  6,  between  P and  Q,  is  {hewn  the  natural  fize  of 
the  (lice  or  piece  of  fcale  reprefented  when  magnified,  at  fig.  4, 

Since  we  now  find,  that  the  feales  of  Fifties  are  every  year 
augmented  in  the  way  I have  been  deferibing,  we  may  form  a 
pretty  good  judgment  as  to  the  time  when  this  augmentation  is 
made,  by  analogy  to  what  we  obferve  in  the  other  productions 
of  nature,  and  thence  we  fhall  conclude  that  the  additional  feales 
are  compleated  at  that  feafon,  when  the  further  growth  ceafes. 
For  this  is  evident  in  trees,  at  leait  fuch  as  grow  in  thefe  re- 
gions. The  like  alfo  is  the  cafe  in  regard  to  cows,  for  between 
certain  fpaces  of  time,  when  their  growth  is  intermitted  or 
ceafes  and  when  it  again  returns,  it  is  (hewn  in  the  horns,  whence  we 
gather  that  as  many  knots  or  rings  as  are  found  on  the  cows  horn, 
fo  many  years  of  age  is  the  animal.  And,  though  this*  may  not 
appear  exactly  in  the  fame  manner  in  all  creatures,  yet  we  muff: 
allow,  that  fuch  a diftinguifhing  circumftance  exiffs,  and  this  is 
proved  in  the  falling  off  of  the  hair  from  animals,  and  the  (bed- 
ding of  feathers  by  birds,  at  certain  regular  periods. 

I have  often  confidered  with  myfelf,  refpecling  the  longevity  of 
Fifhes,  and  I am  perfuaded  that  in  deep  and  extenfive  waters,  and 
in  running  ftreams,  where  the  water  does  not  corrupt  or  putrefy 9 
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they  a re  not  liable  to  any  difeafes,  nor  ever  die  of  old  age.  Such 
wounds  as  a Fifh  may  receive,  either  by  fwallowing  the  hook  baited 
to  catch  it,  and  which,  being  broken  off  and  remaining  in  the 
flomach,  may  caufe  an  exulceration;  or  by  devouring  feme  fub- 
flance  which  it  cannot  digefl,  are  not  to  be  deemed  difeafes,  but 
accidents.  Now,  terreftrial  animals,  through  great  fatigue,  heat, 
cold,  hunger  or  thirfl,  may  eafily  fall  into  diftempers  and  die, 
but  to  thofe  accidents  Fifhes  are  feldom  or  never  fubjeft. 

Firfl,  as  to  fatigue,  this  in  Fifhes  cannot  be  great,  becaufe  their 
chief  exercife  confiflsin  the  larger  purfuing  the  fmaller,  in  quell 
of  them  for  food  ; or  in  the  flight  of  the  fmaller  ones  from 
the  larger;  and  in  thefe  exertions  the  fine  juices  of  their  blood  can 
in  no  degree,  or  at  leafl  but  very  little,  be  exhaufled  ; becaufe  in 
fuch  kind  of  purfuit  or  flight,  no  evaporation  can  be  produced 
from  their  bodies  through  heat  or  drynefs  ; befides,  they  never 
want  for  drink,  by  which  means  their  blood,  and  the  other  juices 
of  their  bodies  are  kept  continually  diluted,  fo  that  the  circula- 
tion is  confiantly  preferved. 

No  one  can  pretend  to  fay  that  a Fifh  is  ever  killed  by  heat,  for 
many  kinds  of  fifh,  in  the  middle  of  fummer,  and  in  the  burning 
heat  of  the  fun,  do  either  play,  as  it  were,  on  the  furface  of  thé 
water  ; or  hide  themfelves  under  the  leaves,  weeds,  or  other  fub- 
flances  at  the  bottom. 

As  to  cold,  we  do  not  know  that  Fifh  in  deep  waters  ever  perifh 
with  cold  ; but  we  know  by  experience,  that  at  fuch  feafons  they 
feek  the  bottom  of  the  water. 

As  to  food,  they  are  not  eafily  killed  by  hunger  ; many  Fifhes 
live  for  five  or  fix  months  fpace  without  any  other  fupport  than 
what  they  receive  from  the  water,  or  rather  from  the  fmall 
particles  in  it,  which  are  by  us  commonly  confidered  as  part  of 
the  water  only;  in  fuch  a fituation  indeed,  they  increafe  little  or 
nothing  in  fize,  but  rather  if  they  were  before  fat  and  plump,  they 
will  fall  away., 


I am  allo  perfuaded,  that  all  Fillies  which  have  a conftant  fupply 
of  food,  do  daily  increafe  in  fize,  and  this  without  ever  eeafmg  to 
grow,  fo  that  any  real  definite  fize  cannot  be  alfigned  to  them,  as 
it  can  to  terreftrial  animals,  fomeof  which  arrive  fooner,  and  others 
later,  to  their  full  and  perfeft  flature,  which  they  never  afterwards 
exceed,  although  they  continue  to  live  many  years.  The  reafon 
of  which,  I am  convinced  is  this,  that  terreftrial  animals  continue 
growing  as  long  as  their  nutritive  juices  have  force  fufficient  to 
protrude  or  thruft  themfelves  through  the  cavities  of  the  bones, 
and  fo  to  increafe  the  fize  of  them,  as  well  in  length  as  in  thick- 
nefs.  But  when  the  bones  of  thefe  animals,  by  being  expofed  to 
the  air,  are  become  fo  rigid  and  hard,  that  they  cannot  be  any 
more  diftended,  their  farther  growth  muft  neceffarily  ceafe,  and 
any  frefh  fupplies  of  nutritive  juices  can  only  tend  to  increafe 
the  animal's  fatnefs.  But  the  bones  of  Fillies  are  for  the  moft  part 
deftitute  of  marrow,  and  they  cannot  be  rendered  rigid  by  ex* 
pofure  to  the  air,  confequently  the  very  fmall  tubuli  or  pipes  of 
which  they  are  compofed,  are  exceedingly  foft  in  companion  with 
thofeof  other  animals.  All  which  confidered,  there  feems  no  reafon 
to  exift,  why  the  bones  of  Fifties  Ihould  not  continue  always 
growing,  fo  long  as  the  animals  do  not  want  for  food. 

In  the  lakes  with  us,  where  are  many  Fifheries,  Pike  have  been 
caught  of  the  length  of  56  inches,  and  36  or  38  pounds  weight. 
Pearch  alfo  28  inches  long ; and  who  can  tell  to  what  fize  thefe 
Fifties  might  have  arrived,  if  they  could  have  longer  efcaped  the 
nets  ? 
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The  Author  s refutation  of  the  doclrine  of  equivoeal  or  fpontaneous 

generation  in  the  injlance  of  the  $ca-Mufcle9  with  a particular 

defeription  of  that  fpecies  oj  Fife. 

I HAVE  been  informed,  that  a book  is  publifhed  at  Rome,  by  a 
learned  Jefuit,  named  Philippo  Bonanni,  wherein  he  maintains, 
that  animalcules,  or  fmall  living  creatures,  can  be  produced  out  of 
inanimate  fubftances,  fuch  as  mud  or  fand,  by  fpontaneous  gene* 
ration,  according  to  the  doftrine  of  Ariflotle  ; and  it  feems  that 
this  learned  gentleman  is  himfelf  very  defirous  to  iee  my  obfer- 
vations  on  the  fubjefh  I fhall  therefore  proceed  to  confider  Signor 
Bonannfs  pofitions,  and  I doubt  not,  that  upon  inveftigation,  they 
will  be  found  of  no  weight  or  fubftance,  but  will  vanifh  like  fmoke 
or  vapour. 

We  will  admit,  that  out  of  the  mud  or  fand  which  is  found  on  the 
fea-fhore,  or  the  beds  of  our  rivers,  at  low  water,  fhelhfifh  or 
teftaceous  animals  come  forth  ; but  it  does  not  from  thence  by  any 
means  follow,  that  they  are  produced  without  any  regular  courfe  of 
generation. 

Among  the  mud,  in  the  creeks  or  (hallows  of  our  fea-coafLs,  are 
taken  great  quantities  of  that  fhelhfifh,  called  Mufcles,  which  are 
ufed  by  us  as  an  article  of  food  ; and,  as  I had  in  the  autumn  been 
employing  myfelf  in  obfervations  upon  this  fpecies  of  fifh,  I applied 
to  a fifherman  who  made  it  his  bufmefs  to  catch  Mufcles,  and 
queftioned  him  as  to  what  his  opinion  was,  with  regard  to  the 
propagation  of  that  fifh. 
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This  fifherman,  who  was  a very  intelligent  man,  and  of  good 
eftimation  in  his  profeffion,  and  had  been  brought  up  to  it  from  his 
youth,  informed  me,  that  he  had  often  experienced,  that  in  the  fame 
tra£l  of  coaft  where  he  had  found  for  feveral  years  fucceffively  very 
good  Mufcles,  and  in  great  abundance,  yet  afterwards  in  or  about 
the  fame  place,  very  few  or  none  were  to  be  got  ; for  which  he 
affigned  thefe  reafons  : 

“ At  the  time  of  the  Mufcles  laying  their  eggs  or  fpawn, 
which  lafts  but  for  a fhort  feafon,  this  fpawn,  by  ftrong  tides  and 
heavy  gales  of  wind,  will  be  carried  from  the  places  where  it  is 
depofited,  and  when  the  v/ater  becomes  ftill  and  calm,  it  will  fink  to 
the  bottom,  or  adhere  to  the  weeds  growing  there  ; and  then  in  the 
fpace  of  two  or  three  years,  a good  and  plenteous  Mufcle-bank  will 
be  formed  in  the  place ; adding,  that  by  this  means  Mufcles  are 
taken  where  none  were  ever  found  before,  and  Mufcle-banks  formed 
of  very  great  extent,  the  fpawn  laid  by  the  Mufcles  being  in  fuch 
abundance,  as  to  make  the  fea-water  appear  of  a white  colour/' 

If  then,  at  the  feafon  when  the  Mufcles  depofit  their  eggs  or 
fpawn,  we  take  up  a quantity  of  the  mud  or  fandy  matter  from  the 
Chore,  and  keep  it  covered  with  water,  we  need  not  wonder  if  we 
find  Mufcles  or  other  fhell-fifh  produced  from  thence ; but  if  we 
imagine  that  this  comes  to  pafs  by  any  other  means  than  the  ordi- 
nary courfe  of  generation,  we  fhall  therein  deceive  ourfelves.  And 
for  my  part,  I hold  it  equally  impolfible  for  a fmall  fhell-fifh  to  be 
produced  without  generation,  as  for  a whale  to  have  its  origin 
from  the  mud. 

The  eggs  or  fpawn  of  Mufcles,  and  other  fhell-fifh,  being  carried 
along  with  the  fea-water  to  the  fides  of  Chips  lying  in  harbours,  will 
adhere  to  them,  and  become  fhell-filh,  by  which  means  thofe  Chips 
in  their  voyages  to  other  countries,  will  introduce  fuch  kinds  of 
fhell-fifh  as  were  before  unknown  in  thofe  parts. 

But  how  can  it  be  conceived  that  living  creatures  can  proceed 
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from  fand,  or  obtain  any  nourifhment  from  thence?  for  there  is 
no  other  difference  between  the  grains  of  fand,  and  the  beach- 
{tones  on  the  lead  ho  re,  than  that  the  one  are  larger  than  the 
others  ; and,  as  incapable  as  glafs  is  of  affording  fupport  to  any 
living  creature,  fo  is  it  impoffible  for  any  nourifhment  to  be  found 
in  fand. 

If  it  were  poffible  for  the  mere  land  on  the  fhore  to  produce 
fhell-fifh,  how  much  would  our  coafis  abound  with  them,  and  not 
with  them  only,  but  alfo  with  all  other  forts  of  liih  ; for  the  flat- 
fifli  feed  on  thefe  fmall  fhell-fifh,  and  thereby  become  very  fat  and 
good  ; and  fo  does  alfo  the  whiting. 

The  chief  reafon,  in  my  opinion,  why  we  do  not  find  fhell-fifli 
in  equal  plenty,  at  all  times,  is,  that  the  flrong  north-weft  winds 
blowing  direftly  on  our  coaft,  do  fo  ftir  up  the  land  and  muddy 
bottom  on  the  fhore,  that  the  fhell-fifh  are  thereby  overwhelmed 
and  buried,  and  fo  perifh* 

During  the  laft  five  or  fix  years,  we  have  not  had  any  great 
{forms  from  that  quarter,  and  we  have  for  thefe  laft  three  or  four 
years  fucceflively,  had  fuch  excellent  flat-fifh,  efpecially  flounders, 
that  no  one  remembers  to  have  feen  the  like  ; the  reafon  for  which 
I have  already  affigned,  namely,  that  the  fhell-fifh  during  that  fpace 
of  time,  multiplied  exceedingly,  affording  plenty  of  food  for 
fattening  the  flat-fi  flies.  And  this  is  alfo  proved  by  experience  ; 
for  whenever  flounders  are  in  perfe&ion,  their  ftomachs  and  bowels 
are  found  to  be  full  of  fragments  of  fmall  {hells.  And,  upon 
refleflmg  with  myfelf  as  to  the  caufe  of  thefe  fmall  {hells  being 
fo  broken  into  fragments,  I could  not  aftign  any  other  reafon 
than  the  following : 

The  flounder,  foie,  turbot,  and  other  flat-fifh,  are  formed  by 
nature  with  their  mouths  diftorted  and  in  a different  pofition  from 
that  of  moft  other  fiflies  ; and  this  formation  feems  to  be,  for 
enabling  them  to  pick  up  their  food  from  the  bottom  of  the  fea, 
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and  not  to  go  in  chafe  of  other  fifh  ; and  I conceive  that  thefe  flat- 
fifh,  when  picking  up  the  fmall  fhell-fifh,  do  break  their  {hells  to 
pieces  in  their  mouths  (which  feem  to  me  to  be  formed  principally 
for  that  purpofe)  and  then  {wallow  them,  rejefting  thofe  (hells 
which  are  too  hard  for  them  to  break,  for  which  reafon  we  never 
find  any  very  hard  or  large  pieces  of  (hells  in  their  domachs  ; and 
it  is  not  in  the  power  of  the  flat-fifh  to  feparate  thefe  fmaller  ones 
from  their  (hells,  becaufe  they  are  all,  as  far  as  I have  ever  obferved, 
clofely  united  to  them  by  ligaments  or  tendons,  and  always  keep 
their  (hells  clofely  (hut. 

I have  enquired  of  thofe  Fifhermen,  whom  I thought  men  of 
reflection,  what  could  be  the  reafon  why  fome  years  ago  our 
flounders  were  very  indifferent,  and  for  thefe  lad  three  or  four 
years  fo  exceeding  good  ; for  which  they  could  not  aflign  to  me 
any  reafon  ; but  when  I laid  before  them  my  fentiments  refpefting 
thefe  fifh  being  fattened  by  feeding  on  the  fmall  fhell-fifh,  they  were 
furprifed  thereat,  and  added,  that  this  might  very  probably  be  the 
cafe.  But  upon  converting  with  two  principal  merchants  who  fend 
out  fifhing-veflels,  they  not  only  agreed  with  me  in  my  opinion, 
as  before  related,  but  alfo  in  the  following,  namely,  that  not  only 
the  flat-fifh  feed  fo  much  on  the  fmall  fhell-fifh,  but  the  whiting  is 
fo  abundantly  nourifhed  by  them,  that  in  the  fummer-time  its  flefh 
becomes  hard  and  tough  ; for  this  reafon,  at  the  time  when  the  fhell- 
fifh  abound  on  our  fhores,  the  whiting  reforts  thither  in  quell  of 
them,  and  this  latter  is  followed  by  the  cod-fifh,  which  preys  on  the 
whiting.  In  fhort,  I conclude  that  the  plenty  of  fifh  found  on  our 
coafl,  proceeds  from  this  caufe  only,  the  great  quantities  of  fhell- 
fifh  which  every  year  breed  there. 

Towards  the  end  of  the  month  of  February,  being  the  fird  time 
in  the  fpring  that  Mufcles  were  brought  to  our  city  for  fale,  I 
caufed  fome  of  them  to  be  bought,  in  order  to  make  my  obfer- 
vations  thereon  : I found  thefe  to  be  very  lean,  and  for  a long  time 
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my  fearcli  after  their  fpawn  was  fruitlefs,  though  I could  not  think 
that  the  time  was  paft  for  their  depofiting  it» 

Upon  examining  that  part  o(  the  Mufcle  which  is  called  the 
beard,  I not  only  found  it  of  a wonderful  make,  but  the  motion  I 
faw  in  the  fmall  component  parts  of  it  was  fo  incredibly  great,  that 
I could  not  be  fatisfied  with  the  fpe&acle  ; and  it  is  not  in  the  mind 
of  man  to  conceive  all  the  motions  which  I beheld  within  the 
compafs  of  a grain  of  fand* 

When  I obferved  the  large  and  ttrong  tendons  or  finews  in  the 
Mufcle,  which  are  fixed  to  the  fhell,  and  thofe  which  lie  in  the 
fame  order  and  pofition  as  the  ribs  in  a terreftial  animal,  I thought 
that  we  cannot  fufficiently  admire  the  wonderful  make  of  this  filh  ; 
and  that  if  we  could  obtain  anmfight  into  all  thofe  parts  which  we 
fee  in  one  of  them,  and  could  we  aftign  their  feveral  ufes,  and  give 
them  names,  and  alfo  make  drawings  of  them,  I doubt  not  that  we 
fhould  admire  fo  elaborate  and  curious  a work,  beyond  many 
others  of  nature's  produftions  ; and  that  thofe  perfons  who  now 
affert  that  ftielbfifhes  (among  which  the  Mufcle  is  in  leaft 
eftimation)  are  produced  fpontaneoufiy,  or  of  themfelves,  would 
renounce  their  opinions,  and  embrace  the  truth,  namely,,  that  fo 
perfeól  a creature  cannot  be  produced  from  corruption,  congealed 
water,  or  mud,  but  can  only  be  generated  by  parents  of  its  own 
fpecies* 

I obferved  that  every  Mufcle  was  provided  with  a kind  of  firing 
or  ligament,  which,  at  a little  diftance  from  the  fifh,  was  divided 
into  8,  10,  12,  15,  and  even  20  other  ligaments  of  different  lengths; 
and  with  thefe  ligaments,  I obferved,  that  the  Mufcles  faftened 
themfelves  to  other  Mufcles,  and  alfo  to  pieces  of  (hells,  and  to 
(hell-fifh  of  other  fpecies. 

I was  defirous  to  know  how  this  faftening  was  effefted,  and 
which  I immediately  difcovered ; for  I faw,  to  my  great  furprife* 
that  the  extremity  of  every  ligament  was  provided  with  a thin  fiat 
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membrane  or  dun,  of  a roundifh  drape,  which  was  as  firmly  fixed 
to  the  (hell  on  which  it  was  placed  (the  ligament  being  in  the 
middle  of  it,)  as  if  it  were  glued  to  the  drell ; and  when  I endea- 
voured to  pull  off  the  ligament,  I found,  by  feveral  trials,  that 
(though  it  was  very  drong  and  tough,  in  proportion  to  its  fize) 
it  would  break  before  the  flat  thin  membrane  could  be  loofened. 

Hereupon  I recollefted,  that  when  a boy,  I had  often  a muled 
myfelf  with  a play-thing  which  we  called  * een  Treck-leertje.” 
Th  is  is  a fmall  round  piece  of  leather,  about  two  inches  in  diameter, 
having  a fmall  hole  in  the  middle,  through  which  was  drawn  a 
packthread,  with  a knot  at  the  end.  This  leather  being  firft  foaked 
Jn  water,  was  placed  flat  on  a done,  and  with  this  we  could  not 
only  lift  up  the  done,  but  carry  it  to  fome  didance. 

Now,  upon  the  fame  principle  as  the  done  adheres  to  the 
leather,  partly  by  the  predure  of  the  atmofphere,  and  partly 
becaufe  no  air  or  water  can  gain  admittance  between  the  done  and 
the  leather,  the  like  effeft  is  produced  in  the  cohefion  or  flicking 
of  the  membrane  I have  been  defending. 

I have  thought  it  proper  to  give  a drawing  of  the  ligament 
before-mentioned,  and  its  feveral  branches  ; and  in  Plate  111.  jig.  85 
is  (hewn  a part  of  it,  which  is  cut  off  at  A in  the  part  which  comes 
out  of  the  fhell ; this  in  jig.  7,  is  (hewn  at  BE  of  its  natural  fize. 
In  jig*  8,  F G H I K are  feen  the  ramifications  or  branches,  or  rather 
a fmall  part  of  them  ; and  at  L M is  fhewn  one  of  the  fhort  liga- 
ments, with  its  membrane  N O P,  the  ligament  here  appears  on  the 
upper  fide  of  the  membrane,  in  like  manner  as  if  the  latter  was 
fixed  to  fome  other  fhell ; and  here  are  to  be  feen  the  many 
parts  whereby  the  ligament  is  joined  to  the  membrane,  which 
latter  alfo  appears  fome  what  elevated  at  the  place  of  joining. 

* That  is,  in  Englifh,  a pulling,  or  drawing-leather  \ it  is  a common  play-thing  among 
boys  in  England,  and  is  called  by  them  a fucker. 
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At  O R is  reprefented  another  ligament*  and  at  S T V its  mem- 
brane* with  the  concave  part  of  it,  appearing  open,  being  in  a 
contrary  poll tion  to  the  former  reprefentatiom  I have  often  feen 
this  cavity  reach  into  the  ligament  as  far  as  M or  R,  but  otherwife 
it  is  quite  clofe  and  compaft. 

Each  of  thefe  ligaments  confifts  of  a great  number  of  exceffively 
fmall  particles,  which  cannot  be  contemplated  without  the  greateft 
admiration,  efpecially  when  we  recollefl:  the  power  which  the 
Mufcle  has  of  moving  each  of  thefe  ligaments,  and  alfo  that  the 
membrane  mutt  be  placed  quite  fmooth  and  flat  upon  the  {hell,  to 
which  it  is  fixed,  in  order  to  caufe  it  firmly  to  adhere  thereto* 

Now,  if  we  farther  confider  that  Mufcles,  while  in  the  fea,  always 
lie  with  that  (hell  upwards  which  they  open  occafionally,  and  that 
their  (hells  (which  are  very  thin)  and  their  bodies  together  are  but 
little  heavier  than  the  water  wherein  they  live,  and  alfo  that  many 
of  them  at  low  ebb-tides  are  left  deflitute  of  water,  at  which  times, 
in  my  opinion,  much  air  mud  infinuate  itfelf  between  their  {hells,  by 
which  means  they  become  lighter  than  the  water  ; they  would  then, 
be  liable  either  with  the  ebb  to  be  carried  out  into  the  deep,  or  by 
the  flood  to  be  thrown  upon  the  land,  and  fo  would  perifL  But 
provident  Nature  has  taken  care  to  p referve  them  in  this  refpeft, 
by  furnifhing  them  with  a ligament,  fpreading  into  various  branches, 
and  at  the  end  of  each  branch  an  organ,  which  I have  named  a 
membrane,  by  the  help  of  which  the  Mufcles  can  fix  themfelves 
either  to  empty  (hells,  or  other  fubftances,  or  to  one  another,  by 
which  means  they  are  preferved* 

But  as  my  principal  defign  was  to  difcover,  as  far  as  poffible, 
the  generation,  or  procreation,  of  thefe  fifh,  I come  now  to  that 
part  of  the  fubjeriL 

I obierved,  that  thefe  Mufcles,  fome  in  a greater,  and  others  in  a 
lefs  degree,  had  the  outfides  of  their  fhells  covered  with  a kind  of 
fubftance,  thinly  fpread  upon  the  (hell,  and  firmly  adhering  to  it,  or 
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rather  to  the  membrane  which  covered  it.  Obferving  this  by  the  mi- 
crofcope,  I faw  that  the  particles  of  which  it  confifted,  were  all  of  a 
fimilar  form,  and  alfo  placed  fide  by  fide,  in  regular  order,  and  the 
membranes  or  fkins  of  thefe  particles,  as  it  were,  united,  or  clofely 
joined  together.  I feparateda  part  of  this  fubffance  from  thefhell,and 
placing  it  before  the  microfcope,  I found  that  all  the  regularly  dif- 
pofed  particles  were  much  longer  than  they  were  broad,  alfo  that 
one  of  their  edges  was  roundifh  and  thick,  the  other  terminating  in 
a point  or  edge,  and  moreover  that  in  many  of  them  one  fide  was 
rifing,  and  the  other  flat ; in  a word,  many  of  thefe  particles,  in 
fhape,  were  very  like  a Mufcle  ; and  I not  only  thought  that  they 
were  the  eggs  or  fpawn  of  the  Mufcle,  but  I alfo  obferved,  that 
when  I broke  the  firong  membranes  inclofing  them,  feveral  of  the 
eggs,  which  were  in  fhape  like  a Mufcle,  appeared  lying  fingly  and 
feparately  on  the  outfide  of  that  membrane  ; and  when  I feparated 
thefe  unformed  Mulcles  fingly,  one  from  another,  I imagined  that 
I could  fee  the  membranes  or  tendons  of  which  they  were  com» 
pofed. 

I alfo  faw  the  (hells,  membranes,  or  coverings  of  feveral  eggs 
which  were  empty,  and  which  I faw,  or  more  properly  (peak- 
ing, imagined  to  be  barren  eggs.  In  other  parts  of  this  fubffance 
I faw  eggs  wherein  I concluded  that  there  were  unformed  Mufcles, 
which  conclufion  I gathered  from  the  multitude  of  veffels  which  I 
faw,  which  veffels  conflituted  the  fhape  or  figure  of  a Mufcle. 

Thefe  eggs  were  not  larger  than  a grain  of  common  (cowering- 
fand. 

Moreover,  I obferved,  that  the  (mail  or  taper  ends  of  the  (hells 
were  feldom  or  never  covered  with  the  fpawn  or  eggs,  the  reafon 
of  which  I took  to  be,  that  at  the  time  the  Mufcles  emit  their  fpawn, 
they  lie  with  the  flat  and  broad  part,  as  fhewn  at  fig%  7,  A B C D, 
uppermofl,  and  that  part  marked  with  the  letter  A,  next  the  ground, 
or  bottom  ; for  I have  often  obferved,  that  when  Mufcles  have 
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been  cleaned  and  put  into  a vefTel  of  water,  and  an  handful  of  fait 
thrown  upon  them,  many  will  be  foon  found  placed  in  the  por- 
tion I have  mentioned  ; and  while  they  lie  in  this  pofition,  and  the 
eggs  are  put  forth  from  the  part  marked  C D,  there  muft  neceft 
farily  be  more  eggs  lodged  near  that  fpot,  than  towards  the  farther 
end  of  the  (hell. 

Several  of  thefe  Mufcles  I placed  in  my  ffudy,  in  two  glaftes  of 
water,  with  fome  fait  fprinkled  on  them,  in  order  to  examine 
them  daily,  and  fee  the  progrefs  of  growth  in  the  young  ones  ; 
and  upon  this  occafion,  I could  not  fufficiently  admire  the  exaft 
and  regular  order  in  which  the  eggs  were  in  many  places  difpofed, 
juft  as  if  they  had  been  fo  placed  by  men’s  hands;  and  from 
hence  I was  convinced  that  Mufcles  do  not,  like  many  other  fifties, 
lay  their  eggs  prom ifcuou fly,  but  that  they  muft  be  furnifhed  with 
fome  kind  of  organ,  which  they  can  projeft  beyond  the  fhell,  and 
with  it  difpofe  them  fo  regularly. 

I,  have,  before  faid,  that  I thought  I faw  a kind  of  finews  or 
tendons  in  the  eggs;  and  upon  further  examination,  I perceived 
fixteen  of  thefe  tendons,  like  ftreaks,  in  the  unformed  Mufcle,  and 
among  them  I faw  fome  ftill  fmaller  ftreaks,  from  whence  1 con» 
eluded,  that  they  were  in  fa£t,  veffels  to  form  the  fubftance  of  the 
future  fhell,  for  they  lay  all  in  one  direction,  that  is,  from  the  fmall 
end,  fpreading  or  diverging  round  about ; and  they  were  thickeft  at 
that  part,  and  thinneft  at  the  extremities,  fpreading  wider  towards 
the  broad  and  thin  end  of  the  fhell  ; X caufed  a drawing  to  be  made 
of  a few  of  the  eggs,  in  the  order  they  lay  on  the  parent  fhell,  and  as 
they  appeared  through  the  microfcope  ; this  is  fliewnaty^.  g , A B 
C D E,  reprefenting  eight  of  them,  in  fome  of  which  it  may  be 
feen  that  one  fide  is  more  curved  than  the  other,  and  in  which  eggs 
may  alfo  be  feen  the  finews,  veffels,  or  ftreaks  X have  mentioned. 

Upon  confidering  that  the  lobfter  and  the  ftirimp  carry  their  eggs 
about  them  until  the  young  are  perfeftly  formed,  it  feems  probable 
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to  me,  that  this  is  alfo  the  cafe  with  the  Mufcle,  for  otherwife,  how 
could  this  fpecies  of  fifh  be  propagated?  efpecially  if  we  confider 
that  they  lay  their  eggs  in  the  middle  of  winter,  and  are  generally 
in  fhallow  waters,  where  the  (hore  is  muddy  ; and  if  the  eggs  were 
not  depofited  on  the  (hells,  they  would  be  buried  in  the  mud,  with 
the  common  flux  and  reflux  of  the  tide;  not  to  mention  that  in 
dormy  weather  they  would  be  carried  out  to  fea  ; but  while  they 
are  fixed  to  the  (hells  of  the  parent,  and  thefe  lad  adhering  to  folid 
fubflances  on  the  (hore,  the  eggs  are,  by  this  means,  in  great  num- 
bers, preferved  ; and  thefe  young  Mufcles,  when  come  tofuch  ma- 
turity as  to  be  feparated  from  the  (hells,  may,  in  windy  weather, 
drong  tides  or  currents,  be  eafily  carried  to  other  muddy  fhores 
on  the  coad,  in  places  where  for  many  years  before  no  Mufcles 
were  to  be  found, 

I have  made  a rough  calculation  of  the  numbers  of  thefe  eggs, 
and  I compute  that  there  are  frequently  more  than  two  thoufand 
fixed  to  the  (hell  of  one  Mufcle  ; in  faft,  I have  feen  Mufcles, 
each  of  which  I judged  had  more  than  three  thoufand  on  it. 

1 have  before  laid,  that  the  eggs  of  Mufcles  are  the  fize  of  com- 
mon fcowering-fand,  but  as  this  is  not  of  the  fame  fize  in  all 
countries,  I compute  that,  to  the  bed  of  my  judgment,  feven  of 
thefe  eggs,  in  breadth,  are  equal  to  the  fifteenth  part  of  an  inch, 
confequently  the  breadth  of  105  eggs,  is  equal  to  one  inch  ; and  I 
alfo  compute,  that  fixty  eggs,  in  length,  make  an  inch ; therefore  a 
fquare  inch  will  contain  6300 ; and  as  each  egg  is  no  thicker 
than  broad,  105  of  them  mud  lie  one  on  another  to  make  the 
thicknefs  of  an  inch  ; the  fum  total  then  of  the  eggs  which  will  be 
contained  within  the  fpace  of  a cubic  inch,  is  661,500  ; and  hun- 
dreds of  luch  eggs  may  lie  under  (hells,  fand,  or  mud,  without  being 
perceived,  and  yet  Mufcles  be  produced  from  them. 

Having  taken  fome  of  the  unformed  Mufcles  out  of  the  eggs,  I 
caufed  a drawing  to  be  made  of  their  figure,  as  near  as  the  Engraver 
was  able  to  imitate  it;  this  is  fhewn  at  fig.  1 o5  F G,  which  repre- 
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fents  fucli  an  unformed  Mufcle,  inclofed  in  its  membrane.,  or 
covering,  in  which  the  breaks  before-mentioned*  did  not  appear* 
until  the  greateft  part  of  the  moiflure  thereof,  was  evaporated. 
Fig.  ii5  H I K,  {hews  another  of  them,  the  breaks,  or  vebels  in 
which,  between  I and  K,  appear  feparated,  or  hindered  from  each 
other  ; and  this  was  done  in  the  taking  it  out  of  the  egg,  being  in 
that  operation  deprived  of  the  furrounding  membrane,  or  fkin. 

At  the  latter  end  of  April,  when  I had  hnihied  the  preceding 
obfervations,  I received  a large  jar  full  of  Mufcles  out  of  Zealand  ; 
upon  examination  of  which,  I was  much  furprifed  to  fee  that  mob 
of  the  {hells  were  quite  fmooth  and  polifhed,  being  not  only  debitute 
of  eggs,  but  for  the  mob  part,  bare  of  the  membrane,  which  gives 
them  a blackifh  colour,  fo  that  they  now  appeared  of  a lively  blue  ; 
however,  I found  four  or  bve  with  perfeói  eggs  on  them,  and  in 
them  were  young  Mufcles  ; fome  of  thefe  I took  out  of  the  eggs, 
and  now  plainly  faw,  that  what  I had  at  firb  taken  for  the  unform* 
ed  Mufcle,  was,  in  faft,  only  the  ligament,  or  bring,  whereby  the 
young  Mufcle  was  nourifhed,  A drawing  of  the  real  fhape,  as  it 
now  appeared  to  me,  is  given  at  fig.  12,  where  G H I reprefents 
the  ligaments  of  the  unformed  young  Mufcle,  and  I K the  Mufcle 
itfelf ; another  of  them  is  reprefented  at  fig.  13,  where  L M fhews 
the  brings  or  ligaments,  and  M N the  Mufcle  ; and  this  lab  bgure* 
I think,  exhibits  the  true  form  of  the  young  Mufcle,  as  it  lies  in 
the  egg  ; and,  from  thefe  lab  obfervations  it  appears,  that  the  parts 
reprefented  in  fig . ic,  at  G,  and  in  fig.  11,  at  H,  were  only  the 
fubbance,  or  matter,  from  whence  the  Mufcle  would  be  formed* 
and  which,  at  the  time  when  that  drawing  was  made,  had  not 
come  to  fufficient  perfeftion  to  render  the  parts  dibinguifhable. 

Now,  fince  we  fee,  that  the  eggs  of  Mufcles  adhere  fo  long  to  the 
fhells  of  the  parent,  before  they  are  perfeftly  formed,  and  alfo  con* 
fider  that  during  all  that  time  they  mull  be  fupplied  with  nourifh- 
ment,  we  {hall  not  wonder  that  the  parent  Mufcles,  during  that 
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time,  do  become  lean,  efpecially  in  the  month  of  April,  for  then 
the  young  are  mod  in  need  of  fuftenance. 

We  may  alfo  here  obferve,  that  in  our  enquiries  after  any  truth, 
and  more  efpecially  in  regard  to  the  generation  of  fmall  living 
creatures,  which  cannot  be  examined  by  the  naked  eye,  we  ought 
not  to  rely  on  any  tales  that  are  told  on  thefe  fubjefts,  but  on  our 
own  experience,  and  even  that  not  lightly,  but  by  long  and  un- 
wearied trials  and  experiments,  whereby  to  come  at  the  truth. 

In  the  courfe  of  the  lafl  obfervations,  I examined  that  hard  and 
variegated,  or  marbly-coloured  part,  lying  in  the  middle  of  the 
Mufcle,  which  fome  call  the  heart,  and  others  take  to  be  the  tongue 
of  this  fifh  ; and  when,  upon  opening  the  Mufcle,  I cut  out  this 
part,  and  placed  it  before  the  microfcope,  I obferved  fo  tremulous 
or  quivering  a motion  in  the  furface,  as  if  millions  of  little  living 
creatures  were  running  about  upon  it;  befides  another  motion, 
which  the  part  had  to  and  fro.  This  part,  the  Mufcle  can  extend 
fo  far,  that  I think  it  will  almoft  reach  all  over  the  fhell,  which 
made  me  think  that,  perhaps,  by  this  organ,  the  eggs  are  placed  on 
the  fhell  in  the  regular  order  I have  before  defcribed. 
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Of  the  Mu  fele  which  is  found  in  f reflo  water ; a particular  defleri pt  ion  of 
its  internal  formation  , and  of  the  manner  in  which  its  young  are  pro- 
duced\ 

I HAVE  obferved,  that  when  our  navigable  canals  here  in 
Holland,  or  our  ditches  are  cleaned,  a kind  of  large  fifh  are  taken 
from  the  bottom,  named  by  us,  (i  * Veen  Moffelen,”  or  Peat 
Mufcles.  Of  thefe  I procured  fome,  which  were  about  three  or 
four  inches  long,  with  very  thin  {hells. 

A countryman,  whom  I faw  collecting  thefe  (hell -fifh,  told  me 
they  were  to  be  found  under  the  banks,  and  in  the  fhallow  parts  of 
the  ditches,  or  canals,  among  the  leaves  and  twigs,  or  other  litter  ; 
and,  indeed,  I have  feen  them  taken  in  thofe  places ; but  as  I was 
certain  that  thefe  fhallow  places  were  frozen  to  the  bottom  in  the 
winter,  which  the  (hell -fifh  could  not  furvive,  I was  told  that  they 
had  a power  of  moving  from  place  to  place. 

To  fatisfy  myfelf,  in  this  refpeft,  I made  two  experiments  on 
thefe  Mufcles,  of  which  I put  fix  or  eight  into  an  earthen  veffel, 
with  a flat  bottom,  and  poured  on  them  fome  of  the  fame  water  in 
which  they  were  taken  ; this  veffel  I placed  in  my  fludy,  and  I 
found  that  in  a few  hours  time,  they  had  all  changed  their  pofi- 
tions,  and  had  approached  nearer  together,  than  they  were  when 
firft  placed  in  the  veffel. 

* This  word,  u Veen,”  means  the  Turf  or  Peat,  which  is  dug  up  in  great  quantities  in 
Holland,  and  is  their  principal  article  of  fuel.  Our  author  has  a very  ingenious  differ- 
tation  on  the  origin  of  this  fubftance,  a tranllation  of  which  will  be  found  in  its  place.—* 
Thefe  frefh  water  Mufcles  are  found  in  the  rivers  in  England, 
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And  I obferved,  that  thefe  Mufcles,  about  the  middle  of  their 
fhells,  thrufl  out,  through  the  opening,  a flefhy  fubftance,  or  organ, 
about  two-third  parts  the  length  of  the  (hell ; this  part  was  about 
half  an  inch  broad,  and  (harp  at  the  end  ; and  in  order  to  move 
themfelves  from  place  to  place,  they  thrufl  this  organ  under  their 
fhell,  and  applying  it  with  a quick  motion  to  the  bottom  of  the 
place  where  they  lay,  could  by  this  means  not  only  change  their 
poflure,  but  turn  themfelves  upfide  down. 

At  the  end  of  the  month  of  Auguft,  upon  opening  fix  of  thefe 
Mufcles,  I found  many  eggs  within  them,  which  were  fo  perfect, 
that  I could  diflinguifh  the  newly  formed  fhells,  fo  that  they  were 
not  fo  properly  to  be  named  eggs  as  unborn  Peat-Mufcles.  Two  of 
the  parent  Mufcles  were  fo  fmail,  that  I judged  they  were  not  above 
a year  old,  whereas  the  others  were,  in  my  opinion,  fix,  eight,  or 
nine  years  old  ; but  the  young  Mufcles  were  of  the  fame  fize  in  all 
of  them, 

'In  the  beginning  of  September,  I procured  about  fifty  more  of 
thefe  Mufcles,  and  upon  opening  twelve  of  them,  I found  two, 
wherein  the  voung  ones  feemed  to  be  fo  perfeft,  that  they  would 
probably  foon  be  excluded  from  the  parent.  I always  found  that 
the  eggs  were  firfl  formed  in  the  flefhy  part  of  the  Mufcle,  but  as 
they  advanced  in  growth,  they  were  moved  to  that  part  which,  in 
oy  fiers,  is  called  the  beard,  and  which,  by  the  great  number  of  the 
young  Mufcles  contained  therein,  then  fwells  in  bulk. 

As  there  are  many  perfons  who  are  unacquainted  with  this 
fpecies  of  Mufcle,  and  others  who  may  wifh  to  invefligate  the  par- 
ticulars of  my  obfervations,  I have  caufed  the  following  drawings 
to  be  made : 

Fig.  14.  G H I KL,  fhews  one  of  thefe  frefh-water,  or,  as  I call 
them,  Peat-Mufcles,  of  the  ordinary  fize,  which  is  opened  fo  as  to 
leave  the  whole  of  the  fifh  lying  in  one  of  the  fhells  ; at  H I K,  is 
reprefented  the  empty  fhell,  and  at  M M,  the  two  tendons,  or 
fxnews,  by  the  help  of  which  the  fifh  fhuts  and  opens  the  fhell  ; and 
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here  it  is  to  be  noted,  that  thefe  fifties,  by  reafon  of  the  length  of 
their  {hells,  are  each  provided  with  two  of  thofe  tendons,  or  finews, 
whereas  oyfters  and  falt-water  Mufcles  have  only  one.  N O P is  a 
thin  membrane,  or  fkin,  lying  folded  up,  with  which  the  whole 
infide  of  the  empty  (hell  had  been  covered,  or  lined, 

Q R S is  one  of  the  two  receptacles  wherein  the  eggs,  as  they 
advance  to  maturity,  are  lodged,  and  which  parts  do  then  become 
fwollen  thereby,  but  at  other  times  they  are  very  thin  ; thefe  parts, 
in  oyfters,  are  called  the  beard;  T V is  the  other  of  thefe  recep- 
tacles, which,  in  oyfters,  is  alfo  called  the  beard  ; and  in  thefe  re- 
ceptacles, I did  not  obferve  any  thing  particularly  remarkable, 
except  their  wonderful  make.  . 

W X Y is  a folid  flefhy  part,,  wrinkled  on  the  outer  edge,  and  in 
refpeft  of  the  other  parts  of  the  fifh, . very  ftrong  ; this  part,  as  I 
have  already  mentioned,  the  Mufcle  protrudes,  or  thrufts  out  of  its 
{hell,  to  a confiderable  length,  when  it  prepares  to  change  its  place  ; 
and  when  at  reft,  it  generally  has  a fmall  portion  projecting  out 
of  the  (hell ; but  if  it  be  touched^  though  very  lightly,  it  immedi- 
ately withdraws  it;-  The  fpot  marked  with  the  letter  Y,  is  the 
place  where  the  eggs  lie  before  they  are  depofited  in  what  we  call 
the  beard  ; and  if  an  incifion  be  made  in  this  part,  the  eggs,  with  a 
watery  liquor,  ifiue forth.  - 

Some  of  thefe  Mufcles  I opened  in  the  p re  fence  of  the  Engraver, 
in  order,  that  as  foon  as  I had  taken  fome  of  the  young  ones  out  of 
their  receptacle,  he  might  make  a drawing  of  them,  for,  were  they 
buffered  to  ftand  but  a few  hours,  their  true  figure  would  be  loft. 
The  unborn  Mufcles  being  put  into  a-glafs  tube,  and  placedb  efore 
the  microfcope,  T faw  with  aftonifhment  a mod  pleafing  fpeCtacle, 
for  every  one  of  them,  each  in  its  particular  membrane  or  cover- 
ing had  a flow  circumvolution,  and  that  not  for  a {hort  fpace  of 
time,  but  fuch  turning  round  or  rotatory  motion  was  obfervable  for 
three  hours  afterwards,  and  it  was  the  more  curious,  becaufe  the 
young  Mufcles,  during  the  whole  of  their  motion,  conftantly  kept  in 
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the  centre  of  their  membranes,  juft  as  if  one  were  to  fee  a fphere 
or  globe  revolving  upon  its  axis,  This  uncommonly  pleafing  fpec~ 
tacle  was  enjoyed  by  myfelf,  my  daughter,  and  the  Engraver  for 
three  whole  hours,  and  we  thought  it  one  of  the  moft  delightful 
that  could  be  exhibited. 

Fig.  15.  ABODE  exhibits  fix  of  thefe  unborn  Mufcles  in- 
clofed  in  their  refpeftive  membranes;  they  were  drawn  by  the  En- 
graver in  the  moft  accurate  manner  he  could,  while  they  were  in 
motion.  Of  thefe,  I computed  that  each  parent  Mufcle  contained 
fome  thoufands, 

I had  at  the  fame  time  fome  unborn  Oyfters  before  a microfcope 
which  I had  taken  out  of  the  parent  Oyfter  five  weeks  before,  and 
as  they  ftill  appeared  perfect  in  fhape,  I caufed  a drawing  to  be 
made  of  them  alfo,  and  this  is  {hewn  at  jig.  16,  F G H I.  In  fome 
of  thefe  the  openings  of  their  {hells  were  plainly  to  be  difcerned, 

Thefe  young  Oyfters  bore  the  moft  exact  refemblance  to  full 
grown  ones,  though  they  were  fo  minute  that  one  hundred  of  them 
laid  together  would  not  equal  an  inch  in  length,  and  I have  com- 
puted that  each  parent  Oyfter  contained  three  or  four  thoufand  of 
them. 
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ENCOUR  AGERS  OF  THIS  WORK 

IN  ITS  INFANT  STATE. 


H Decreverunt  tollere/* 

Ter.  And . AH  L Sc , 3. 
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DEDICATION. 


CUSTOM  prevailed  among  the 
ancients,  of  fo  extraordinary  a na- 
ture, that,  had  it  not  been  well 
attefted,  it  would  now  be  deemed 
unworthy  of  credit.  It  is  thus 
related  by  Madame  Dacier : “ As 
“ foon  as  a child  was  born,  it  was 
“ laid  upon  the  ground ; and,  if 
il  the  father  chofe  to  have  it  pre- 
“ ferved,  he  ordered  it  to  be  taken 
“ up;  but  if  he  faid  nothing,  this 
“ was  a lign  that  he  would  have 
“ it  expofed,  and  made  away  with. 
“ This  impious  and  inhuman  cuf- 
s*  tom,  lafted  a long  time,  until 
“ Plato  expofed  the  enormity  of  it, 
“ and  forbid  the  praftice.” 

•T.Calé- 

See  Madame  Dacier’s  French  Tranflation  of 
Terence,  in  a note  on  the  palFage  quoted 
in  the  preceding  page* 
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The  work  of  an  author,  whofe  name  is  not  of  1'uffi- 
cient  celebrity,  to  intereft  or  attraÊl  public  notice;  and, 
who  is  not  fo  far  independent  in  his  circumftances,  as 
to  make  unimportant  to  him,  its  good  or  ill  fuccefs, 
is  in  much  the  fame  fituation  with  the  helplefs  infant 
mentioned  in  the  preceding  anecdote ; and,  perhaps, 
equally  precarious  would  have  been  the  fate  of  this 
my  firft  undertaking  as  a Tranflator,  had  it  not  been 
taken  up*  by  thofe,  whofe  kindnefs  to  me,  in  their  fup- 
port  given  to  my  work,  it  is  the  intent  of  this  Dedi- 
cation to  acknowledge. 

When,  aware  of  my  inability  to  rifque  much  in  this 
publication,  I thought  it  prudent  to  begin,  by  exhibit- 
ing a fmall  fpecimen  of  it  to  my  friends,  fome  of 
them  condemned  the  undertaking  as  unpromifing ; 
but  by  far  the  greater  number  were  of  a contrary 
opinion : “Decreverunt  tollere/'*  i.  e.  they  determined 
that  it  fhould  be  protected,  and  they  added  to  their 
flattering  commendation,  their  liberal  protection ; 
whereby  I have  been  encouraged  and  enabled  to  purfue 

" * The  Latin  word,  tollere , which  originally  meant  to  take  up  from  the  ground,  was 
afterwards  in  allufion  to  the  cuflom  before-mentioned,  ufed  to  fignify  the  educating  a child, 
—See  Avrtfworth’s  Didlionary  under  tkeicord.  Tollo. 
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it  thus  far.  To  you,  my  kind  patrons,  I dedicate  this 
Firft  Part  of  the  Work,  which  you  have  foftered  in  its 
infant  ftate,  and  it  will  be  my  ftudious  endeavour,  from 
the  rich  materials,  provided  by  the  laborious  Author, 
to  make  the  whole  Selection  worthy  of  your  patron- 
age. 

A defire  of  perufing  the  works  of  another  Dutch 
Author,  the  celebrated  Jacob  Cats,  firlt  prompted  me 
to  ftudy  that  language,  and  I found  my  pains  abun- 
dantly repaid  by  fuch  perufah  This  writer  (who  was 
cotemporary  with  our  Quarles,  and  Withers,)  dealt 
much,  according  to  the  tafte  of  that  age,  in  emblema- 
tical devices,  with  moral  illuftrations ; and,  as  I have 
imbibed  a partiality  for  his  tafte,  I beg  to  prefent  you 
with  a figure  of  this  kind,  which  an  inveftigation  of 
the  fubjedts  mentioned  by  Mr.  Leeuwenhoek  brought 
before  me,  and  which,  in  the  manner  of  Mr.  Cats,  I 
confider  as  applicable  to  this  my  work,  and  to  you, 
its  patrons. 

In  front  of  this  Dedication,  is  reprefented  the  firft  ve- 
getation of  an  Oak,  being  a figure  drawn  and  coloured 
from  a real  plant,  raifed  by  myfelf.  The  acorn,  which 
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ripens  at  the  clofe  of  autumn,  does  then  either  fall  of 
itfelf  from  the  tree,  or  is  accidentally  dropped  by 
the  crows,  who  gather  it  for  their  food.  It  immedi- 
ately begins  to  put  forth  a root,  which  continues  grow- 
ing all  the  winter,  except  when  interrupted  by  the 
froft,  and  this  root  does  not  feem  to  have  any  mate- 
rial nourifhment,  other  than  what  it  derives  from  the 
fubltance  of  the  acorn,  aided  by  the  moiflure  of  the 
earth,  or  rain.  Early  in  the  fpring,  many  radicles 
or  fmall  fibres  fhoot  forth  from  this  firft  root,  and 
then,  and  not  before,  the  acorn  divides  itfelf,  to  make 
way  for  the  young  plant,  which,  at  firft  grows  up  with 
a very  flender  point,  exaftly  as  reprefented  in  the 
figure,  but  in  a few  weeks  rifes  to  a confiderable 
height,  with  fpreading  foliage,  giving  a beautiful 
miniature  reprefentation  of  the  King  of  Forefts.  But 
in  the  progrefs  to  this  ftate,  an  acorn  is  expofed 
to  various  dangers,  tending  to  defeat  its  vegetation. 
It  is  fought  for  as  food  by  birds,  and  many  four  footed 
animals,  it  is  expofed  to  be  fwept  away  by  floods,  or 
to  perifh  by  too  great  moiflure  or  too  fevere  froft,  and 
liable  to  be  trodden  under  foot  and  crufhed  by  men, 
or  cattle.  So  that,  to  ufe  the  words  of  Jacob  Cats, 
when  treating  of  the  bloffoms  and  fruits  of  the 
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garden,  “ van  thien,  niet  een,”  i.  e.  not  one  in  ten, 
can  be  expeóled  to  arrive  at  any  degree  of  maturity. 


And  now  allow  me,  with  gratitude,  and  hope,  to 
illuflrate  the  emblem  I have  chofen.  This  young 
plant  is  my  work ; the  two  lobes  or  halves  of  the 
acorn,  I confider  as  denoting  the  countenance  and 
fupport,  it  has  received  from  the  learned  and  the 
liberal : and,  as  the  acorn  nourifhes  and  flrengthens 
the  root,  enabling  it  to  make  its  way  into  the  earth, 
whence  the  radicles  derive  fubltance  to  produce  the 
ftem  ; fo,  affifted  by  your  patronage,  I now  offer  this 
W ork,  in  fomewhat  of  a perfeól  flate,  to  the  Public ; 
and,  I deem  it  no  difcredit  to  avow,  that  I have  flood 
in  need  of  affiftance  to  profecute  my  defign  thus  far : 
on  the  contrary,  I felicitate  myfelf  on  the  difplay 
of  friendfhip  I have  experienced ; with  a due  fenfe  of 
which  I beg  to  fubfcribe  myfelf. 


Your  greatly  obliged, 


Pavement,  Moorfields, 
London^  June  1798, 


And  obedient  humble  fervant, 


SAMUEL  HOOLE. 


. 
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Of  an  Animalcule  or  j mall  living  creature , which  is  fometimes found  in 

the  livers  of  Sheep  and  other  beafls . 

To  make  my  observations  on  this  fubjedt  the  more  intelligi- 
ble, I (hall  place  them  in  the  following  order:  Fir  ft,  as  to  the 
fhape  and  make  of  this  animalcule  ; Secondly,  the  part  of  the  intef- 
tines  where  it  is  found  ; Thirdly,  its  numbers,  and  the  manner  of 
its  propagation  ; and  Fourthly,  how  thefe  creatures,  and  other  ani- 
malcules of  a fimilar  nature,  by  fixing  themfelves  in  the  liver  and 
other  internal  parts  of  the  body,  can  produce  certain  difeafes,  and 
their  fatal  confequences. 

Firft,  as  to  the  fhape  and  fize  of  this  creature,  and  its  (imilitude 
to  other  known  animals  ; it  bears  a near  refemblance  ( in  miniature ) 
to  our  foie  or  flounder,  as  appears  by  fig.  A,  which  reprefents  it  of 
the  fize  it  is  commonly  found  ; this  figure  fhews  the  back  or  promi- 
nent fide;  and  fig.  B,  the  belly,  or  flat  fide  of  it.  C is  one  of  the 
young  of  the  fame  fpecies,  (hewing  the  back,  D the  belly  of  the 
fame  ; E and  F are  figures  of  the  fame  creature,  Somewhat  magni- 
fied, and  fine wn  in  the  politicus  before  mentioned. 

Thefe  animals  are  not  often  Seen  alive,  becaufe  the  difeafe  they 
produce  does  not  always  fhew  itfelf  by  outward  tokens,  and  the 
beaft  afflióted  with  them,  fometimes  Seems  fat  and  in  good  health, 
and  then  the  liver  is  not  perhaps  examined  till  feme  time  after  the 
beaft  is  killed ; and  thefe  creatures  cannot  endure  cold,  but  if  by 
being  expofed  to  it  they  are  deprived  of  motion,  they  will  revive,  if 
the  liver  be  held  in  a warm  hand  or  put  into  warm  wrater.  Their  mo- 
tion is  undulating  or  wriggling  like  that  of  the  fifties  before  men- 
tioned, their  colour  a yellowifh  brown,  the  belly  quite  flat,  and 
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much  paler  coloured  than  the  back,  the  fkin  rough  and  covered 
with  prickles  or  points,  and  fo  tranfparent,  that  the  bowels  and  vef- 
fels  may  plainly  be  leen  on  both  fides.  The  head  which  is  (hewn 
confiderably  magnified,  at  letter  G,  is  of  a pointed  form,  piano- 
convex,  that  is,  rounding  above  and  fiat  below,  the  mouth  project- 
ing, open,  and  of  an  oval  fhape,  nearly  in  fafhion  like  a carp.  The 
eyes,  which  are  pictured  feparately  at  II  and  Ï,  are  very  prominent, 
and  furrounded  with  a cartilaginous  or  griftly  ring,  which  is  Ihewn 
at  K,  and  they  are  placed,  as  we  fee  in  many  flat  fifhes,  both  of  them 
on  one  fide  of  the  back,  with  a divifion  between  them. 

The  heart  is  fo  near  to  the  head,  and  the  bowels  fo  clofely  con- 
joined to  the  heart,  that  I queftion  whether  there  is  any  thing,  pro- 
perly to  diftinguifh  the  head  from  the  reft  of  the  body,  which  yet  in 
moft  animals  are  feparate  and  diftinCt.  From  the  heart,  arife  two  vef- 
fels  fpreading  over  the  whole  body,  with  a wide  fpace  between  them, 
extending  almoft  the  whole  length  of  the  back,  as  represented  at 
letter  L,  and  between  thefe  veflels  are  many  fmaller  ones,  as  Ihewn  at 
M,  which  are  fo  minute  that  no  moifture  can  be  difeovered  within 
them.  I obferved  in  th^  larger  veflels  two  forts  of  juices,  namely,  in 
fome  a yellowifli  brown,  and  Sometimes  a kind  of  purple  ; in  others  a 
pale  green,  both  of  a glutinous  or  flimy  nature,  and  yet  flowing  in 
the  veflels  even  after  the  death  of  the  animal,  towards  the  heart,  if 
held  up  by  the  tail,  and  back  again,  upon  the  head  being  raifecl. 

The  excretory  cluCt,  or  paflage  of  the  bowels,  is  in  an  unufual 
place,  being  on  the  right  fide  of  the  body,  clofe  under  the  head, 
for  which  reafon  the  inteftines  are  as  it  were,  crowded  together  in 
an  heap.  There  is  a fmall  protuberance  at  the  beginning  of  the 
bowels,  which  I take  to  be  the  liver,  and  between  this  and  the 
bowels,  I find  in  all  of  thofe  animalcules  which  I have  ex- 
amined, an  innumerable  quantity  of  oval  particles,  hundreds  of 
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which,  taken  together,  are  not  equal  to  the  fize  of  a grain 
of  fand.  They  are  of  a pale  red  colour,  and  I take  them  to 
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be  the  (pawn  or  eggs.  Notwithftanding  my  mod  diligent  exami- 
nation of  thefe  creatures,  I never  could  difcover  any  difference  of 
fexes  ; and  it  feems  to  me  mod  probable,  that  they  are  of  that 
fpecies  called  Hermaphrodites,  or  every  one  equally  prolifick ; at 
leaft,  none  has  ever  fallen  into  my  hands  which  appeared  plainly  to 
be  a male.  The  tail,  though  of  the  fame  texture  with  the  reft  of 
the  body,  is  much  tenderer,  breaking  or  tearing  upon  the  flighteft 
touch. 

The  parts  in  feveral  animals  wherein  I have  hitherto  found  thefe 
creatures,  are  only  the  veffels,  tubes,  and  channels  wherein  the 
gall  is  formed  and  collected,  though  moft  commonly  in  the  liver,; 
and  here  they  may  be  faid  to  fwarm,  producing  grievous  fwel- 
lings,  callofities,  contorfions,  and  finufes  in  the  part;  and  cavities, 
which  will  be  often  found  an  inch  and  an  half  in  diameter.  In  thefe 
parts  thefe  noxious  animalcules  are  found  in  heaps,  and  the  places 
where  they  lie,  become  hard  and  cartilaginous.  In  the  fmall  gall- 
duéls  they  lie  longitudinally,  and  fometimes  rolled  or  curled  up  to- 
gether ; and  I believe  that  many  perfons  have  hereby  been  led 
into  a mi  flake  refpeóting  the  fhape  of  them,  defcribing  them 
to  be  oblong,  round  worms  ; but  in  truth,  however  clofely  they 
may  be  thus  rolled  up,  they  will  fpread  open  again,  even  after  they 
are  dead,  upon  being  thrown  into  warm  water,  for  then  they  re- 
cover their  flat  fhape,  but  at  the  fame  time  they  become  rather  of  a 
paler  colour  than  they  originally  were. 

Thefe  creatures  are  commonly  found  in  great  numbers,  though 
in  this  particular  they  vary  much,  as  it  depends  on  their  having 
had  more  or  lefs  time  to  propagate  ; I have  taken  out  of  one  liver, 
870  in  number,  befides  many  fragments,  and  exclufive  of  thofe 
which  were  cut  in  pieces  or  deftroyed  in  opening  the  liver.  And 
in  another  liver  I have  leen  but  ten  or  twelve. 

They  are  found  in  many  different  kinds  of  beafts.  I have  been 
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informed  by  Hunters,  that  they  have  found  them  in  Stags,  wild 
Boars,  and  other  kinds  of  game,  both  great  and  fmall.  I myfelf 
have  been  them  frequently  in  Calves,  and  once  in  a young  Bul- 
lock. Sheep  are  infefled  by  them  even  from  the  womb  of  the 
parent,  and  Lambs  of  a year  old  and  upwards,  as  well  as  aged 
Sheep, 

As  to  the  production  and  propagation  of  thefe  animalcules, 
I confider  as  idle  tales,  what  lome  writers  afiert,  of  their  being  ge- 
nerated by  putrefaction  or  decayed  fubftances,  immoderate  wet 
or  heats,  and  other  equally  fenfelefs  imaginations;  and  I lay  it 
down  as  a certain  truth,  that  thefe,  as  well  as  all  other  fmall 
living  creatures,  are  produced  from  their  like,  by  the  means  of 
eggs,  feed,  or  fpawn,  according  to  the  nature  implanted  in  them 
at  their  firfi  creation.  And  it  feems  to  me  moft  probable,  that 
thefe  animals,  with  their  eggs,  find  their  way  into  the  bodies  of 
Sheep,  (and  which  we  may  fuppofe  to  be  the  cafe  alfo  with  other 
infebts  and  their  eggs,)  in  the  following  manner  ; namely,  that  in 
wet  fummers  and  autumns  thefe  animalcules,  which  are  originally 
bred  on  the  furface  of  the  earth,  may,  with  the  water  in  which 
they  live,  be  fwallowed  by  the  Sheep ; and  I have  been  confirmed 
in  this  opinion  by  converfing  with  Countrymen,  Huntfmen,  and 
Butchers,  on  the  fubjecf.  But  I am  not  of  the  opinion  that 
after  being  fwallowed,  they  do  themfelves  force  their  way 
out  of  the  ftomach  and  bowels  into  the  gall-bladder  ; I rather 
conclude,  from  reafon  and  my  own  experience,*  that  their  fpawn 
or  eggs  may,  with  the  oily  part  of  the  chyle  in  the  infedted  beaft 

* It  mu  ft  feem  ftrange  to  us  that  a creature,  originally'  bred  in  the  water,  fhould  find  a 
proper  receptacle  for  its  life  and  growth  in  the  warm  bowels  of  an  animal ; and  yet  we 
daily  fee  leeches,  which  are  alfo  bred  in  the  water,  and  perfectly  cold  themfelves,  fuck  the 
warm  blood  of  the  human  fpecies  with  an  avidity  feared y to  be  paralleled.  But,  as 
Mr.  Leeuwenhoek,  in  one  part  of  his  works  obferves,  we  may  wonder  at  thefe  operations 
of  Nature,  but  admiration,  and  nothing  more,  will  be  the  refult  of  our  cogitations. 
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be  carried  into  the  vefiels  of  the  gall  bladder,  and  there  fix  them- 
felves  ; forafmuch  as  thefe  vefiels  are  lined  with  a flimy  and  te- 
nacious fubftance,  and  alfo  becaufe  the  gall  is  not  like  the  blood, 
in  continual  circulation,  but  is  retained  in  its  vefiels,  or  emitted,  as 
the  calls  of  the  animal  oeconomy  require.  Again,  they  are  found 
fwarming  in  the  liver,  where  they  produce  tumours  and  callofities, 
and  caufe  the  colour  of  it  to  change.  And  it  feems  to  me  not  at  all 
ftirprizing  that  thefe  animalcules  fhould  live  and  be  nourifhed  in  the 
juices  of  the  gall,  for  every  living  creature  has  a fituation  and  fpecies 
of  food  peculiar  to  itfelf.  Sea-filh  die  in  frefh,  and  river-fifh  in  fait 
water.  A worm  cannot  live  in  the  air,  and  a fowl  expires  in  the 
earth.  What  wonder  is  it  then  that  the  creature  of  which  we  are 
treating,  when  introduced  into  the  body  of  another  animal,  fhould 
find  its  peculiar  place  of  life,  growth,  and  increafe,  in  the  vefiels  of 
the  gall,  and  in  the  gall  itfelf  ? 

In  the  laft  place,  like  as  we  experience,  that  many  living  crea- 
tures are  found  in  the  human  body,  producing  difeafe,  pain,  and 
death  itfelf ; fo  it  is  my  opinion,  that  the  animalcules  of  which  I have 
been  treating,  and  which  are  fometimes  found  together  by  thou- 
lands,  may  produce  the  following  mifchievous  confequences  : 

Firft,  the  extraordinary  diftenlion  of  the  parts  where  they  harbour, 
as  well  by  the  growth  and  increafe  of  their  own  bodies,  as  by  the 
multiplication  of  their  fpecies  or  brood. 

Secondly,  by  their  biting  or  gnawing  the  parts  they  infeft,  fo  as  at 
length  to  break  or  deftroy  their  texture  ; and  thus  wholly,  or  in 
part,  render  them  incapable  of  performing  their  funótions. 

Thirdly,  by  forcing  their  bodies  into  the  fmall  tubes,  and  vefiels; 
whereby  the  delicate  frame  of  thofe  tender  parts  is  torn  afunder. 

Fourthly,  by  obftruéting  the  pafiages  in  the  vefiels,  whereby  the 
circulation  of  the  juices  is  prevented,  and  an  inflammation  endues. 

Fifthly,  by  devouring  and  confuming  the  nutritive  juices,  whereby 
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the  adjacent  parts  are  deprived  of  their  fupport  and  nourish- 
ment. 

Sixthly,  by  clogging  the  vefiels  with  their  excrements,  their  eggs 
or  fpawn,  and  the  bodies  of  fuch  of  the  animalcules  themfelves  as  die, 
whereby  the  motion  of  thofe  parts  being  impeded,  the  mod  fatal  con- 
fequences  follow. 

There  are  many  other  ways  in  which  thefe  creatures  may  prove 
noxious  to  animals,  but  thofe  which  I have  here  enumerated  may  be 
Sufficient  to  give  an  idea  of  the  reft. 

He,  then,  who  can  find  out  and  praftife  a method  whereby,  with- 
out injury  to  the  parts  of  the  body  where  thefe  vermin  harbour,  can 
prevent  their  gnawing  the  parts,  their  creeping  about  in  the  inteftines, 
and,  what  is  worfe,  their  dying  there  ; or  rather,  can  difcover  how  to 
expel  them,  while  alive,  out  of  the  body,  will  in  this  refpeót  bid  fair  to 
effedt  a cure.  It  is  laid  down  as  a truth,  that  a diftemperature  of  the 
blood  and  juices,  whether  proceeding  from  an  ill  conftitution  thereof, 
or  from  an  interruption  in  the  circulation,  can  caufe  many  difeafes 
and  their  ill  confequences : but  muft  it  therefore  be  deemed  unrea- 
sonable to  attempt  proving,  that  animalcules  being  found  in  the 
juices,  or  even  in  the  more  folid  parts  of  the  body,  may  alfo  produce 
difeafes  ? The  firft  of  thefe  points  is  mere  matter  of  theory  or  argu- 
ment ; of  the  Second,  more  certain  proofs  can  be  brought ; conse- 
quently, it  Seems  more  rational,  that  thofe  perfons,  who  altogether 
rely  upon  their  experience,  fhould,  in  their  enquiries,  diligently  in- 
veftigate  the  reafons  on  which  they  found  their  opinions. 

I forbear  to  fay  any  more  on  this  fubjerit,  forafmuch  as  what  I have 
written  is  only  for  the  improvement  of  medical  knowledge,  and  as 
an  incentive  to  the  laborious  enquirers  after  new  difcoveries  in  Sci- 
ence, the  field  of  which,  is  indeed  indefinite. 
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ADDITION,  by  the  TRANSLATOR. 

IT  is  proper  to  inform  the  Reader,  that  the  preceding  Eflay  has 
not  Mr.  Leeuwenhoek  for  its  author,  but  is  taken  from  a letter  writ- 
ten to  him  on  the  lubjeét  by  G.  Ridloo,  a profeffional  gentleman  at 
Leyden,  under  date  of  the  21ft  March  1698,  and  publifhed  in  the 
Dutch  Edition  of  Mr.  Leeuwenhoek's  W orks,  though  it  does  not 
appear  in  the  Latin  Verfion;  but,  as  the  fubjedt  is  interefting,  and 
probably  this  Eflay  has  not  before  appeared  in  any  other  than  the 
Dutch  language,  the  Tranflator  thought  that  it  might  be  acceptable 
to  the  Englifh  Reader. 

Since  the  perufal  of  this  Eflay,  the  Tranflator  has  had  opportuni- 
ties of  converfing  with  feveral  judicious  Gentlemen,  who  are  conver- 
fant  in  the  grazing  of  Sheep,  from  whom  he  has  collected  the  follow- 
ing particulars  : 

That  in  very  wet  feafons,  particularly  towards  the  latter  end  of 
the  year,  a fpecies  of  grafs  fprings  up  in  the  low  and  wet  lands,  by 
feeding  on  which,  the  Sheep  are  fuppofed  to  contract  the  diftemper 
called  the  Rot.  That,  if  the  rains  do  not  abound,  until  after  the  win- 
ter froft  has  been  experienced,  the  Sheep  are  not  then  obnoxious  to 
this  difeafe,  but  otherwife,  if  a wret  feafon  precedes  the  froft  ; and 
laftly,  that  Sheep  infeóted  with  this  difeafe,  do,  for  a time,  appear  fat 
and  healthy,  but,  when  the  diforder  gets  to  a height,  they  fall  away 
rapidly. 

Thefe  particulars  feem  to  prove,  that  the  difeafe  called  the  Rot 
in  Sheep,  does  in  fadt  proceed  from  the  animal  defcribed  in  the 
preceding  Eflay,  which,  being  bred  in  the  water,  and  adhering,  with 
its  eggs,  to  the  grafs  growing  in  watery  places,  is  f wallowed  by  the 
Sheep.  And,  it  is  probable  that  when  the  froft  precedes  a wet  fea- 
fon, the  animalcules  and  their  eggs  are  killed  by  the  froft,  and  con- 
fequently  the  Sheep  efcape : we  may  alfo  conclude,  that  while  this 
noxious  animalcule  is  in  an  infant  ftate  in  the  botvels  of  the  Sheep, 
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it  may  not  be  particularly  injurious,  but  when  it  arrives  at  a fize 
to  prey  upon  the  liver,  firft,  a ficknefs,  and  wafting  in  the  animal, 
and  afterwards,  death  muft  enfue  ; and  the  Tranflator  has  been  in- 
formed by  a gentleman's  Gamekeeper,  that  he  has  frequently  found 
Hares,  dead  of  this  difeafe,  and  that  upon  opening  them,  hundreds 
of  the  animalcules  were  found  in  their  livers. 

Thefe  particulars  the  Tranflator  thought  proper  to  notice,  leaving 
it  to  thofe  who  are  qualified,  to  exercife  their  medical  fkill  in  the  dif- 
covery  of  a remedy  for  this  fatal  diftemper. 

The  animalcule  before  defcribed  is  called  in  fome  parts  of  England 
a Fluke,  in  others  a Loop,  but  mo  ft  generally  a Flounder,  probably 
from  the  refemblance  it  bears  to  the  fifh  of  that  name. 


On  the  Circi/  lat  ion  of  the  Blood ; that  it  is  not  di/e  over  able  by  the  fight , 
in  an  human  body , nor  in  the  bodies  of  terrefrial  animals : the  fame 
comple  ally  feen  in  ffhes , and  the  nature  of  it  particularly  defcnbed . 


Th  E Blood  is  compofed  of  exceeding  fmall  particles,  named 
Globules,  * which,  in  mod  animals,  are  of  a red  t colour,  fwi mi- 
ming in  a liquor,  called,  by  phyficians,  the  ferum  ; and  by  means 
of  thefe  globules  the  motion  of  the  blood  becomes  vifible,  which 
otherwife  would  not  be  difcoverable  by  the  fight.  Thefe  particles^ 
or  globules,  are  fo  minute,  that  one  hundred  of  them,  placed  fide 
by  fide,  would  not  equal  the  diameter  of  a common  grain  of  fand  ; 
confequently,  a grain  of  fand  is  above  a million  times  the  fize  of 
one  fuch  globule. 

I have  often  endeavoured  to  view  the  circulation  of  the  blood 
in  terreftrial  animals,  but  without  fuccefs,  by  reafon  that  no  parts 
of  their  bodies  were  fufficiently  tranfparent.  Among  others,  I 
tried  the  experiment  with  a young  Cock  ; which  I wrapped  in  a 
cloth,  in  order  to  keep  him  quiet,  leaving  out  only  his  head;  and 
infpefled  his  comb,  but  could  not  therein  perceive  the  motion  of 
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# Later  writers  contend,  that  the  particles  of  blood  are  not  fpherical,  as  this  word 
imports,  but  plane,  or  of  a flat  fliape  ; and  this  Mr.  Leeuwenhoek  admits  to  be  true  with 
regard  to  fifhes.  However,  the  word  Globules  is  always  ufed  to  denote  the  component 
particles  of  the  circulating  fluid. 

f In  lome  fifhes  the  blood  is  not.  of  a red  colour,  and  alfo  in  many  infeéts,  which  have 
been  therefore  improperly  denominated  exfangues,  or  bloodlefs, 
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the  blood  : I afterwards  examined  his  gills,  or  thole  parts  hang- 
ing  under  the  throat,  and  there  I faw  it  running  in  an  incon- 
ceivable number  of  veffels  ; many  of  which  were  fo  minute,  that 
numbers  of  them  taken  together  would  not  equal  the  fize  of  a 
fingle  hair  : but  it  was  impoffible  for  me  to  trace  the  circulation 
in  them,  by  reafon  of  their  immenfe  number,  crofting  each  other 
m all  dire&ions  : for  the  rednefs  which  we  obferve  in  a cock's 
comb  and  gills,  proceeds  entirely  from  the  great  number  of  blood- 
veffels  on  their  furface,  where  they  are  only  covered  with  a thin 
tranfparent  fkin. 

After  this,  I made  my  obfervations  on  white  Rabbets,  by  placing 
their  ears  before  the  microfcope ; but,  with  all  my  pains,  I could 
not  do  more  than  fee  the  blood  running  with  great  fwiftnefs 
through  the  arteries  and  veins.  When  I plucked  off  the  fhort 
hairs  from  the  extremities  of  the  ears,  becaufe  they  obftru&ed  my 
fight,  I obferved,  that  the  pulling  off  each  hair  had  broken  or 
injured  feveral  of  the  veffels,  and  caufed  an  effufion  of  blood. 
From  hence  I gathered  the  reafon,  why  I had  perceived  that  the 
pulling  out  any  hairs  from  the  back  of  my  hand  produced  a 
rednefs  in  the  part;  and  I now  concluded,  that  we  can  not  pull 
out  a fingle  hair  from  any  part  of  our  bodies,  while  fuch  hair  is 
growing,  without  injuring  fome  veffels,  fo  as  to  caufe  the  blood 
to  ffart. 

But  my  greateft  expectation  of  fuccefs,  was  placed  on  a Bat, 
becaufe  I conceived  that  the  membrane,  or  fkin,  which  ferves  this 
animal  for  wings,  mu  ft  be  fo  thin  and  tranfparent,  as  to  afford  a 
view  of  the  veffels.  And,  having  procured  one  of  thefe  creatures, 
I put  it  into  a glafs  and  examined  it  by  the  microfcope.  Flere  I 
faw  the  motion  of  the  blood,  both  in  the  arteries  and  veins,  moft 
diftinCtly,  and  fully  to  my  fatisfaftion,  though  by  no  means  fo 
clearly  as  is  to  be  feen  in  fifties  ; firft,  becaufe  the  membrane  com- 
pofmg  the  bats  wing,  is  not  fo  tranfparent ; fecondly,  becaufe 
there  is  more  of  the  watery  part  (or  ferum,  as  it  is  called)  in 
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the  blood  of  fifties  than  in  terreftrial  animals;  and  thirdly, 
becaufe  the  particles  of  blood  from  which  its  rednefs  proceeds, 
appear  much  larger  in  fifties,  they  being  of  a flat  and  oval  fhape  ; 
whereas,  on  the  contrary,  as  far  as  I could  judge  from  my  eye, 
they,  in  this  animal  were  fpherical.  I ufed  every  means  I could 
devife  to  fee  the  compleat  circulation  of  the  blood,  namely,  that 
one  of  the  fmalleft  of  thole  veffels  which  we  call  veins,  arofe  from 
another  which  is  called  an  artery,  and  afterwards  conveyed  its 
contents  into  a larger  vein  ; but  this  I found  to  be  impoflible,  for 
when  I followed  the  courfe  of  the  artery,  until  it  became  fo  final! 
as  only  to  admit  one  or  two  globules  to  pafs  through  it  at  a time,. 
I then  loft  fight  of  it.  If  this  artery,  throughout  its  circuit,  had 
not  been  fmaller  than  the  twenty-fifth  part  of  an  hair,  I do  not 
doubt  that  I could  have  feen  the  whole  circulation  ; but  as  thefe 
veffels  were  at  their  extremities-  diminifhed  to  a much  lefs  fize, 
and  the  membrane  of  the  wing  was  covered  with  a kind  of  fcales, 
I could  not  (as  I have  before  laid)  follow  with  my  eye  thofe 
minute  ramifications.  I perceived,  however,  in  many  places,  an 
artery  and  a vein  placed  clofe  befide  each  other,  and  of  a fize 
large  enough  to  admit  the  paffage  of  ten  or  twelve  globules  of 
blood  at  the  fame  time  ; and  in  this  artery  the  blood  wTas  pro- 
truded or  driven  forward  with  great  fwiftnefs,  and  flowed  back 
through  the  vein,  which  was  a moil  pleafmg  fpeftacle  to  behold. 

I could  alfo  moft  plainly  perceive  in  the  arteries,  the  riling,  or 
pulfation,  caufed  by  the  motion  which  the  blood  receives  from  the 
heart;  thefe  pulfations  were  fo  rapid  that  I judged  feven  ftrokes 
were  performed  in  a fecond  of  time. 

The  worm,  or  fmall  animal  which  is  produced  from  the  fpawn 
of  frogs,  and  is  called  a tadpole,  afforded  me  a {till  more  diftinft 
view  of  this  fubjeft ; for,  upon  placing  one  of  them,  which  was 
newly  hatched,  before  the  microfcope,  I could  diftinftly  perceive 
the  whole  circuit  of  the  blood,  in  its  paffage  to  the  extremities  of 
the  veffels,  and  in  its  return  towards  the  heart.  But  I muft  here 
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obferve,  (as  before  mentioned)  that  if  this  blood  had  been  an  uni» 
formly  clear  liquor,  its  motion  could  not  by  any  means  have  been 
difcovered ; but  as  it  conflfted  of  a very  tranfparent  fluid,  mixed, 
as  it  feemed,  with  globules  of  different  fizes,  which  were  plainly 
to  be  diftinguifhed,  though  they  had  not,  as  yet,  in  this  creature 
acquired  any  colour,  the  circulation  was  thereby  rendered  very 
apparent. 

When  thefe  tadpoles  were  about  eight  or  ten  days  old,  I could 
perceive  a fmall  particle  moving  within  their  bodies,  which  I con- 
cluded to  be  the  heart ; and  the  fluid  which  was  protruded  from 
it  began  to  affume  a red  colour. 

Upon  examining  the  tail  of  this  creature,  a fight  prefented 
itfelf,  more  delightful  than  any  that  my  eyes  had  ever  beheld ; for 
here  I difcovered  more  than  fifty  circulations  of  the  blood,  in 
different  places,  while  the  animal  lay  quiet  in  the  water,  and  I 
could  bring  it  before  the  microfcope  to  my  wifli.  For  I faw,  not 
only  that  the  blood  in  many  places  was  conveyed  through  exceed- 
ingly minute  veffels,  from  the  middle  of  the  tail  towards  the  edges, 
but  that  each  of  thefe  veffels  had  a curve,  or  turning,  and  carried 

the  blood  back  towards  the  middle  of  the  tail,  in  order  to  be 
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again  conveyed  to  the  heart.  Hereby  it  plainly  appeared  to  me, 
that  the  hlood-veffels  I now  faw  in  this  animal,  and  which  bear 
the  names  of  arteries  and  veins,  are,  in  faff,  one  and  the  iame,  that 
is  to  fay,  that  they  are  properly  termed  arteries  fo  long  as  they 
convey  the  blood  to  the  farthefl  extremities  of  its  veifels,  and 
veins  when  they  bring  it  back  towards  the  heart.  For  example^ 
I fee  many  blood-veffels  in  the  tail  of  a tadpole  taking  their 
courfe,  as  reprefented  in  Flate  IV,  fig.  i.  A B C,  where  the  pofi- 
tion  of  the  parts  A and  C is  towards  the  fpine  or  middle  of  the 
tail,  and  the  part  B towards  the  edge  of  it.  In  A B,  the  blood  is 
driven  from  the  heart,  and  in  B C,  it  is  brought  back  again,  and 
thus  may  we  fay,  that  the  veffel  A B C,  is  both  an  artery  and  a 
vein,  for  it  cannot  be  denominated  an  artery,  farther  than  where 
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the  blood  is  driven  in  it  to  its  fartheft  extent*  that  is,  from  A to 
B ; and  we  mu  ft  name  B C,  a vein*  becaufe,  in  it*  the  blqpd  is 
returning  back  to  the  heart.  And  thus  it  appears*  that  an  artery 
and  a vein  are  one  and  the  fame  veffel  prolonged  or  extended. 

In  the  part  where  I faw  this  circulation,  the  arteries  were  no 
larger  then  to  admit  a fingle  particle  of  blood  to  pafs  freely 
through  them  : thefe  particles*  though  in  this  creature  they  were 
of  a flat  and  oval  fhape,  yet  fometimes  by  reafon  of  the  fmallnefs 
of  the  artery,  affumed  a kind  of  oblong  round  figure,  and  when 
the  animal,  by  being  taken  out  of  the  water,  grew  languid,  the 
blood  in  thefe  very  minute  arteries  began  to  ftagnate,  and  when 
it  again  acquired  motion,  m^ny  of  the  globules  appeared  twice  as 
long  as  broad,  and  alfo  pointed  at  their  extremities. 

In  another  place,  I faw  a larger  artery  divide  itfelf  into  two 
branches,  which  are  fhewn  at  fig.  2.  D E,  and  each  of  thefe 
branches  returned  back  with  a curve,  as  reprefented  at  E F and 
E G.  Now,  if  we  denominate  D E F,  and  DEG,  arteries,  be» 
caufe,  in  them  the  blood  is  driven  outwards  from  the  heart,  it 
follows  that  F H,  and  G I K,  mu  ft  be  veins,  becaufe  they  each 
bring  it  back  towards  the  heart.  Again,  not  far  from  K,  was 
another  fmaller  artery,  which  is  figured  at  ML;  this  was 
united  to  the  vein  I K,  fo  that  the  arteries  DEG,  and  M L, 
together  formed  one  vein  at  I K.  In  a word,  in  this  figure,  H F 
is  a vein,  D E F and  DEG,  are  arteries  ; G I K and  K I L,  are 
veins,  and  M L is  an  artery  ; and  yet  we  muft  fay,  that  thefe  are 
only  the  fame  veffels  continued. 

In  another  place  I faw  three  of  the  fmalleft  arteries,  after  re- 
turning in  a curve,  as  before  defcribed,  unite  in  one,  and  thus 
form  a vein  three  times  the  fize  of  each  artery.  But  all  thefe 
three  veffels  with  their  bendings  wherein  the  circulation  was  per- 
formed did  not  occupy  more  fpace,  than  could  be  covered  by  a 
grain  of  fand. 

I often  perceived  an  artery,  taking  its  courfe  over,  or  eroding 
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a vein,  and,  if  a perfon  did  not  clearly  fee  the  different  courfes 
of  the  veffels,  he  might  conclude  that  here  the  circulation  was 
performed  or  com  pleated,  and  this  I faw  not  only  in  the  final  left 
veffels,  but  in  thofe  which  were  ten  times  larger.  This  tranfverfe 
courfe,  or  current  of  the  veffels,  I had  often  before  obferved 
in  terreftrial  animals,  whilft  I was  endeavouring  to  difcover  the 
conjunction  of  their  arteries  and  veins.  But,  as  I became  then 
well  affured,  that  this  conjunction,  or  circulation,  did  not  take 
place  in  the  larger  veffels,  but  in  the  very  fmalleft  of  all,  (for 
otherwife  I am  perfuaded,  that  all  the  parts  of  the  body  could 
not  be  fupplied  with  nourifhment)  and  that  therefore  I fhould  in 
vain  attempt  to  difcover  fuch  circulation,  I,  feme  years  agor 
abandoned  the  farther  inveftigation  of  it.  For,  if  we  now  plainly 
perceive,  that  the  paffage  of  the  blood  from  the  arteries  into  the 
veins  of  the  tadpole,  is  not  performed  in  any  other  than  thofe  vef- 
fels, which  are  fo  minute  as  only  to  admit  the  paffage  of  a fingle 
globule  at  a time,  we  may  conclude  that  the  fame  is  performed  in 
like  manner  in  our  own  bodies,  and  in  thofe  of  other  animals. 
And  if  fo,  it  muft  be  impoffible  for  us  ever  to  difcover  the  paffage 
from  the  arteries  into  the  veins  in  the  human  body,  or  of  any 
terreftrial  animal ; firft,  becaufe  a fingle  globule,  when  lying  in 
one  of  thofe  minute  arteries,  has  not  any  vifible  colour,  and 
fecondly,  becaufe,  in  thofe  veffels  which  are  fo  large  as  to  come 
within  our  fight,  the  blood  has  not  any  perceptible  motion. 

The  particles  in  the  blood  of  frogs  are  (as  before  obferved)  of 
a fiat  and  oval  fhape,  and  thefe,  when  viewed  fingly,  appear,  as  I 
may  fay,  colourlefs  ; but  when  two  are  laid  on  one  another,  they 
appear  a little  of  a reddifh  call ; and  where  three  are  together,  the 
rednefs  becomes  deeper.  This  may  be  explained  by  Jig.  3.  wherein 
A reprefents  one  of  thefe  oval  particles,  which,  in  part,  is  covered 
by  another  particle  B ; and  C is  a third  particle,  covering  a fmall 
part  of  both  A and  B ; by  which  means  the  part  at  D,  where  the 
particles  are  three-fold,  acquires  a ftill  darker  colour.  But  when 
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1 have  attentively  examined  one  of  thefe  oval  particles  on  the 
edge,  as  is  feen  at  E,  I have  found  it  exhibit  a ftronger  blood-red 
than  where  three  particles  lay  flat  one  on  another. 

Among  the  tadpoles*  which  I caufed  to  be  taken  out  of  the 
canals,  I perceived  a few  very  final!  fifhes,  having  their  fkins 
marked  with  dark  fpots,  forne  of  which  were  of  the  figures  of  little 
ftars.  This  fpecies  of  fifh  I judged  to  be  of  its  full  fize,  becaufe  I 
had  never  feen  any  by  the  naked  eye  of  the  fame  fhape  as  thefe 
appeared  when  magnified.  One  of  them  I placed  before  the  mi- 
crofcope,  and,  upon  obfervingthe  finny  part  which  conflitutes  the 
extremity  of  the  tail,  I plainly  faw  the  fame  kind  of  flender  arte- 
ries and  veins  as  I have  before  defcribed,  though  with  more  diffi- 
culty than  in  the  tadpole,  partly,  becaufe  this  fiffi  did  not  long 
continue  quiet ; and  partly,  becaufe  the  particles  of  blood  (which, 
in  thefe  obfervations  appeared  to  me  no  other  than  globules) 
were  much  fmaller  than  in  the  tadpole.  Thefe  arteries  and  veins 
were  placed  near  the  boney  parts,  or  rifmgs,  which  give  ftrength 
to  the  fin  at  the  tail,  and  in  them  I faw  the  compleat  circulation 
of  the  blood  ; for,  on  both  fides  of  each  of  the  before-mentioned 
boney  parts  was  an  artery,  which  had  a bending,  or  backward 
turning  at  its  extremity,  and  thus  became  the  beginning  of  a 
vein. 

Upon  viewing  this  fifths  tail,  at  the  part  where  the  fin  begins,  I 
there  faw,  to  my  great  admiration,  a large  artery  dividing  itfelf 
into  the  before-mentioned  fmaller  ones  ; and  clofe  to  it,  numbers 
of  the  minute  veins  returning  from  the  fin,  and  uniting  in  one 
large  vein.  In  fhort,  here  was  fuch  an  agitation,  or  motion  of 
the  blood  driven  out  of  the  large  artery  to  the  fartheft  end  of 
the  tail  and  into  the  fin,  and  running  back  in  the  fmall  veins, 
into  the  large  one,  as  is  inconceiveable. 

In  order  to  fhew  the  fize  of  this  little  fifh,  wherein  I obferved 
all  thefe  motions  of  the  blood,  I caufed  a figure  of  it  to  be 
drawn,  as  it  appeared  to  the  naked  eye,  and  this  is  fhewn  in  Plate 


i 


C 96  ) 


IV.  fig.  4.  At  fig.  5,  is  (hewn  part  of  the  body  and  the  tail  of  the 
fame  fifh,  as  feen  through  the  microfcope.  D E is  a fin  on  the 
back,  and  L M,  another  under  the  belly,  near  the  tail,  and 
F G H I K is  the  fin  of  the  tail,  wherein  are  to  be  numbered 

t 

fe venteen  finali  bones. 

Thefe  fmall  bones,  contrived  by  Nature  to  give  fxrength  to  the 
fin,  were  formed  with  joints  ; and  I could  fee  that  they  were  com» 
pofed  of  oblong  particles,  which,  probably,  were  hollow  tubes ; 
the  pellicle,  or  membrane,  which  covered  them,  and  com  pofed 
the  greateft  part  of  the  fin,  was  alfo  formed  of  oblong  parts,  but 
thefe  things  the  limner  could  not  perceive,  becaufe  the  fifh  being 
then  dead,  they  were  become  invifible* 

I have  before  faid,  that  on  each  fide  of  thefe  boney  parts  of  the 
tail  I had  diftinótly  feen  the  compleat  circulation  of  the  blood,, 
and  this  was  in  thirty-four  places,  two  between  each  bone ; that 
is,  there  were  in  this  fifih  s tail  fixty-eight  blood  veffels  ; namely, 
thirtyffour  arteries,  and  as  many  veins,  befides  thofe  veffels  that, 
probably,  were  in  the  fmalleft  part  of  the  fin,  about  F or  K,  which 
I did  not  attend  to. 

To  (hew  this  circulation  more  plainly,  I caufed  one  of  the 
boney  parts  of  the  tail  to  be  drawn  forne  what  more  magnified, 
which  is  reprefented  at  fig.  6,  O P Q R.  Clofe  to  each  fide  of 
this  bone  lies  an  artery,  which  in  the  figure  is  pictured  at  S T 
and  W X,  and  in  thefe  veffels  are  reprefented  the  particles  of 
blood,  which  appear  of  a round  figure.  Here  the  blood  was  to  be 
feen  running  with  a fwift  courfe  from  S to  T,  and  with  the  fame 
fwiftnefs  returning  back  from  T to  V,  fo  that  S T is  an  artery, 
and  T V a vein;  and  yet,  both  of  them  but  one  blood-veflel,* 
continued  and  prolonged.  In  like  manner,  were  the  blood-veffels 
on  the  other  fide  of  the  bone  at  W X Y.  But  thefe  arteries  and 
veins  were  not  at  fo  great  a proportionate  diflance  as  here  re- 
prefented, for,  in  many  places,  they  were  fo  clofe  as  to  touch 
each  other. 
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In  other  places,  and  alfo  in  the  two  fins  D E and  L M,  I faw 
the  blood  not  only  running  along,  but  alfo  taking  its  whole 
courfe  forward  and  back  again,  in  manner  before  defcribed. 

Now,  if  in  the  tail  of  fo  Imall  a fifli,  as  this  which  is  piftured  at 
fig.  4,  there  are  to  be  found  thirty-four  diftinft  circulations  of 
blood,  what  an  incredible  number  of  them  muft  there  be  in  an 
human  body  ! And  this  being  fo,  it  is  no  wonder,  that,  upon  the 
lead  punfture  made  by  a needle,  or  any  other  fmall  inftrument, 
the  blood  iffues  forth.  Indeed,  from  thefe  my  obfervations,  I am 
well  affured,  that,  in  the  fpace  of  a finger’s  nail,  in  any  part  of  the 
furface  of  our  bodies,  there  are  more  than  a thoufand  circulations 
of  blood. 

Some  years  after  thefe,  and  other  obfervations  of  the  like  kind, 
had  been  made  by  me,  I accidentally  fell  into  converfation  with 
a certain  learned  Gentleman,  (not  a native  of  Holland)  on  this 
fubjeft  of  the  circulation  of  the  blood,  particularly  in  the  minutefl 
veffels  which  are  contained  in  a very  fmall  fpace,  and  that  this 
circulation  could  as  plainly  be  feen,  as  with  the  naked  eye  we  fee 
water  fpringing  up  from  a fountain,  and  falling  down  again ; but 
though  I ufed  all  my  endeavours  to  convince  him  of  the  truth  of 
what  I advanced,  yet  this  learned  Gentleman  refufed  to  give  credit 
to  my  words,  declaring  that  he  could  not  form  any  conception 
of  the  matters  which  I related. 

This  Gentleman’s  incredulity  took  up  much  of  my  thoughts, 
particularly  upon  a time  v/hen  I had  got  fome  very  fmall  eels,  not 
longer  than  one’s  little  finger:  and  on  this  occafion  I fent  for  a 
limner,  who  I knew  was  a very  curious  obferver,  and  had  a very 
acute  fight,  judging  that  he  would  be  able  to  make  a drawing  of 
fome  of  thofe  blood-veffels. 

1 then  put  one  of  thefe  fmall  eels  into  a glafs  tube,  about  the 
fize  of  a goofe-quill,  and  placing  it  before  the  microfcope,  I de- 
livered it  into  the  limners  hands,  de firing  him  particularly  ro 
attend  to  the  current  of  blood  which  at  that  time  was  moll  dif- 
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tinftly  to  be  feen  in  feme  fmall  veffels  ; defiring  him,  at  the  fame 
time,  to  obferve,  that  all  thofe  veffels  through  which  the  blood 
was  driven  outwards  to  the  extremities,  were  named  arteries,  but 
where  the  blood,  when  arrived  at  the  fmalleft  veffels,  began  to 
take  its  courfe  back  again,  there  they  were  called  veins,  although 
it  plainly  appeared  that  the  veffels  were  one  and  the  fame. 

The  limner  could  not  fuffi-ciently  admire  tins  fpeflacle  of  the 
blood  circulating  in  fueh  minute  veffels,  arifing  out  of  the  larger 
ones ; and  he  was  equally  in  admiration  at  the  blood’s  returning 
from  thofe  very  fmall  veffels  into  the  larger.  And  as  the  eel 
continued  quiet  longer  than  ufual,  without  moving  its  tail,  I fre- 
quently defired  the  limner  that  he  would,  as  long  as  poffible,  keep 
his  eye  fixed  on  this  current  of  the  blood,  in  order  to  imprint  the 
idea  on  his  memory*  At  length,  he  put  his  hand  to  paper,  and 
made  a rough  fketch  of  fbme  blood-veffels  and  their  ramifications* 
or  branches  ; and  he  repeated  his  obfervation  and  his  drawing, 
until  he  had  compleatly  traced  fix  feverai  blood-veffels,  namely* 
three  arteries,  and  as  many  veins,  with  their  ramifications*  with  all 
the  accuracy  he  was  able,  faying,  he  had  now  fufficient  materials 
to  make  a perfefl  drawing,  fo  as  to  deferibe  the  exaft  proportion 
both  of  the  larger  and  fmaller  veffels. 

In  Plate  IV.  Jig.  7,  and  in  the  fpace  between  1,  2*  3,  4,  are  re- 
prefented  fix  of  thefe  blood-veffels,  which  I direfied  to  be  drawn 
on  rather  a larger  fcale  than  the  firft  fketch  taken  of  them,  in  order 
that  the  feverai  veffels  might  be  eaffer  diftinguifhed ; therefore 
this  figure  fhews  them  about  twice  as  large  as  they  appeared  to 
the  limner  through  the  microfcope. 

Thefe  veffels  were  not  at  the  very  extremity  of  the  fifh’s  tail, 
but  a little  below  it,  towards  the  end  of  the  fin.  And  that  part5 
or  fpot,  which  the  limner  faw  through  the  microfcope,  and 
the  feverai  blood-veffels  of  which  he  made  the  drawing,  did  not, 
in  my  judgment,  take  up  a$  much  fpace  as  is  occupied  by  a large 
grain  of  hand;  for  though  the  view  of  the  microfcope  might  in 
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elude  the  compafs  of  four  fuch  grains,  yet  the  part  wherein  the 
blood-veffels  were  feen,  did  not  amount  to  a fourth  of  that  fpace  ; 
fo  that,  within  lefs  compafs  than  that  of  a grain  of  fand,  there 
are  found  to  be  in  the  tail  of  an  eel  as  great  a number  of  blood- 
veffels  as  are  here  reprefented  between  i,  2,  3,  4. 

At  the  letter  A,  is  reprefented  one  of  thofe  blood-veffels,  which 

*■ 

are  called  veins  ; B,  one  of  thofe  named  arteries  ; C,  is  a vein ; D, 
an  artery  ; E,  another  vein,  and  F,  another  artery. 

But,  in  order  more  clearly  to  explain  the  courfe  of  the  blood 
in  thefe  veffels  ; and  to  ftiew,  at  what  part,  though  in  fa  ft  they 
are  one  and  the  fame,  they  affurae  different  names,  I have  in  the 
figure  more  particularly  pointed  out,  and  (hall  now  defcribe  one 
of  thofe  veffels  called  an  artery, 

D,  is  that  artery,  out  of  which,  at  G,  proceeds  a fmall  branch* 
which,  at  H,  divides  itfeif  into  two,  as  HI  K:  and  here  we 
fee,  that  the  branch  G H I is  properly  to  be  named  an  artery, 
becaufe,  as  far  as  I,  the  blood  is  driven  from  the  heart,  and  I K, 
we  muff  name  a vein,  becaufe,  from  I to  K the  blood  is  brought 
back  towards  the  heart.  In  the  other  branch,  which  proceeds 
from  H,  in  the  direftion  H L M,  the  blood  is  infufed  into  the 
vein  E at  M ; and  fince  at  M it  firft  begins  to  take  its  courfe 
towards  the  heart,  it  follows  that  at  M this  veffel  firft  affumes  the 
the  name  of  a vein. 

In  this  fmall  artery  GH,  it  is  to  be  obferved  that  the  limner  has 
been  very  accurate  in  delcribing  the  exact  fize  of  the  veffel,  and 
we  muff  always  bear  in  mind,  that  in  thefe  branchings,  or  ramifi- 
cations, the  arteries  grow  fmaller  and  fmaller,  and  the  veins  con- 
tinually grow  larger,  as  they  receive  the  blood  from  the  arteries. 
Farther,  all  the  minute  blood  veffels  defcribed  in  this  figure  the 
limner  has  reprefented,  not  by  lines,  but  by  fmall  circular  dots, 
fo  as  to  give  an  idea  of  the  particles  or  globules  of  blood,  which 
he  very  diftinftly  faw,  running  or  palling  through  them. 

All  the  minute  veffels  which  are  reprefented  in  this  figure,  of 
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the  fize  piftured  at  H I K,  or  HLM,  are  of  equal  dimenfions, 
and  they  are  fo  {lender,  that  I can  lafely  affirm,  that  if  a grain  of 
our  common  fc  owe  ring  fand  were  divided  into  a million  of  equal 
parts,  each  of  thofe  parts  would  hill  be  too  large  to  find  a paffage 
through  thefe  minute  veffels.  Which  being  confidered,  we  may 
conclude  how  exquifitely  (lender  mu  ft  be  the  veffels  in  which  the 
circulation  is  performed  : and  if  it  were  not  fo,  how  could  all 
the  parts  of  our  bodies  be  continually  fupplied  with  nourifh- 
ment  ? * 

Farther,  in  the  before-mentioned  artery  D,  is  another  fmall 
ramification  at  N,  which  depofits  its  contents  in  the  vein  E at  O, 
and  a little  higher,  at  P,  is  a branch  which  unites  itfelf  with  the 
vein  E at  Q. 

"V 

At  R,  may  be  obferved  another  fmall  branch,  proceeding  from 
the  fame  artery  D,  which,  at  S,  is  joined  with  a fmall  branch  from 
the  artery  B,  and  afterwards  both  fall  into  the  vein  C. 

Again,  at  T,  is  another  fmall  branch*  arifing  out  of  the  artery 
D,  which,  at  V,  fubdivides  itfelf  into  two,  and,  in  two  feveral 
places,  namely,  at  W and  X,  conveys  the  blood  into  the  vein  E, 
and  from  the  fame  artery  another  branch  arifes  at  Y,  which,  at  Z, 
is  divided  into  two,  and  thefe  are  united  to  the  vein  C at  the 
places  marked  a and  b. 

At  a fmall  diftance  from  Y,  is  another  very  minute  branch  at  c, 
which  is  joined  to  the  vein  C at  d. 

Farther,  at  e,  another  fmall  artery  branches  forth  from  D, 
taking  the . direftion  ej,  and  at  ƒ is  fubdivided  into  two  ftill 
fmaller  branches,  both  which  join  the  vein  E at  g and  h . 

* A very  eminent  phyfician  of  our  own  country,  (Dr.  Mead)  exprefies  himfelf  in 
very  neaily  the  fame  words : “ Every  animal  machine  is  of  fuch  a nature,  that  there  is  a 
“ fort  ol  infinity  in  its  conftituent  parts,  by  which  expreffion  I mean,  that  their  fibres  are 
“ fo  extremely  fmall,  that  we  cannot  difcover  the  ultimate  flamina,  even  by  the  afiiftance 
“ ol  the  bell  microfcopes.  Had  it  been  otherwife,  aliment  could  not  be  conveyed  to 
“ every  individual  part  of  the  body  ; nor  could  the  neceffary  fundfions  of  life  be  per- 
“ formed.0  Mead’s  Medical  Precepts,  in  the  Introduction. 
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A little  higher  in  the  artery  D,  a fmall  artery  branches  off  at  /, 
proceeding  to  k and  /,  where  it  again  divides  itfelf  into  two,  and 
joins  the  vein  E at  m and  n. 

Clofe  to  /,  two  fmall  branches  arife  at  o,  and  join  the  vein  C at 
p and  y. 

At  r arifes  another  fmall  artery  r s,  which  at  s divides  into  two 
fmaller  branches,  one  of  them  taking  the  courfe  st,  to  join  the 
vein  C,  and  the  other  paffing  by  suwx,  to  join  the  vein  E. 

Laftly,  the  extremity,  or  fmalleft  part  of  the  artery  D,  is  {hewn 
at  ry  z,  and  is  united  to  the  vein  E at  A,  firft  fending  off  a branch 
near  the  letter  u,  which  taking  the  direftion  u b,  is  united  to  the 
vein  C at  t. 

Hence  it  plainly  appears,  how  many  various  branches  or  minute 
arteries  proceed  from  thofe  fmall  blood-veffels,  or  arteries,  repre- 
fented  at  B,  D and  F,  and  how  thefe  all  unite  with  the  other  fmall 
vedels  called  veins,  which  are  fhewn  at  A,  C and  E ; and  this  alfo 
proves  what  has  been  fo  often  mentioned,  that  all  thefe  blood- 
veffels,  though  called  by  different  names,  are  yet  the  fame  iden- 
tical veffels.  And  if  we  refleft,  that  each  of  thefe  very  fmall 
veffels  muff  be  formed  with  the  fame  kind  of  coat  as  the  larger 
ones,  though  of  a thinnefs  proportioned  to  its  fize ; and  farther, 
if  we  confider  of  what  wonderfully  fine  and  invisible  membranes 
the  coats  of  the  fmalleft  veffels  muft  be  formed,  and  how  eafily 
the  fineft  part  of  the  arterial  blood  may  find  a paffage  through 
thofe  coats,  to  the  end  that  every  part  of  the  body  may,  from 
thence,  be  continually  fupplied  with  neceffary  and  fuitable  nou- 
rifhment  ; thefe  things,  I fay,  being  duly  weighed  and  confidered, 
it  feems  clear  that  the  arterial  blood,  coming  from  the  heart,  muft 
contain  more  fubtile  and  fluid  parts  than  when  in  its  paffage  to 
the  heart.  For  the  blood  will  not  be  deprived  of  its  more  fubtile 
juices,  while  in  the  larger  arteries  ; to  prevent  which,  I imagine 
that  they  are  provided  with  thick  and  folid  coats.  And  here  the 
particles  of  blood  from  which  its  rednefs  proceeds,  fwimming  in  a 
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thin  juice,  are  of  a bright  red  colour;  but  in  the  fmalleft  arteries, 
fome  of  its  parts  are  drawn  off  for  the  fupport  and  nourifhment  of 
the  body,  whereby  the  blood,  when  returning  in  the  veins,  being 
deprived  of  thofe  thin  juices,  affumes  a darker  red,  and  as  more  of 
the  thin  juices  are  taken  away,  it  will  appear  blackifh. 

The  circulation  of  the  blood  is  reprefented  in  another  view,  at 
fig.  8,  ABCDEFGHIK,  which  is  a drawing  of  fome  veffels 
feen  by  the  microfcope,  in  the  tail  of  a tadpole ; thefe  animals  are 
much  quieter  than  eels,  and  the  arteries  and  veins  are  as  eafily  to 
be  feen  in  them  as  in  any  other  creature ; and  in  the  fmalleft 
veffels  where  the  period,  or  the  retrograde  motion  of  the  blood  is 
performed,  its  particles  are  more  diftant  from  each  other  than 
in  any  other  animal. 

The  veffel  ftiewn  in  this  figure,  (which  was  an  artery,  wherein 
the  blood  was  driven  forward  with  great  fwiftnefs  from  A to  B) 
was  rather  larger  than  to  admit -one  of  the  particles  of  blood  at  a 
time.  At  B it  divided  itfelf  into  two  branches,  which  are  repre- 
fented at  B C and  B E ; thefe  two  branches  were  at  D again 
united  in  one,  for  a fhort  fpace,  and  at  F they  again  feparated,  as 
fhewn  at  F G and  F I.  Here  thefe  two  arterial  branches,  making 
a fmall  curve,  or  bend,  again  joined  in  one  at  H,  forming  a fome- 
what  larger  veffel,  which  is  feen  at  H K ; and  at  K,  this  was  joined 
to  a {fill  larger  blood*  veffel. 

Here  it  is  plain,  that  the  vedels  A B C D E F G,  and  A B E F I, 
forafmuch  as  in  them  the  blood  is  driven  from  the  heart,  to  G and 
I,  its  greateft  diftance,  muft  be  named  arteries  ; and  the  veffels 
G H K and  I H K,  becaufe  in  them  the  blood  is  returning  to  the 
heart,  muft  be  named  veins. 

I formerly  was  of  opinion,  that  in  all  cafes  where  by  an  acci- 
dental fall  or  blow,  there  were  produced  livid  or  purple  fpots 
upon  the  dun,  which  proceeded;  from  coagulated  blood,  this  Flood 
(if  no  exulceration  fhould  take  place  in  the  part)  would  by  de- 
grees be  fo  diffolved,  as  to  be  carried  od'by  perfpiration  ; but  the 
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following  obfervations  caufed  me  to  alter  my  opinion  in  this 
refpeft. 

In  the  tail  of  this  tadpole,  I obferved  a veffel,  of  a fize  to  admit 
twenty  of  the  particles  or  globules  at  once  ; lo  that  this  was  a large 
veiffel,  in  proportion  to  thofe  which  I have  before  defcribed.  A 
fmall  part  of  it  is  reprefented  at  fig . o,LM;  and  from  this,  pro- 
ceeded a minute  veiTel,  which  is  {hewn  at  M O. 

The  current  in  this  veffel,  from  L to  M,  was  not  fo  fwift  as  I 
obferved  in  the  other  veffels,  and  for  this  reafon,  that,  in  another 
part  of  it,,  at  R,  the  blood  was  coagulated,  infomuch,  that  no  dif- 
tinft  particles  could  be  perceived  in  it,  but  only  an  uniform  red- 
nefs ; but  in  the  fmall  veffel  M,  the  current  was  as  fwift  as  in  any 
of  the  others, 

\ 

In  confequence  of  this  ffagnation  at  R,  the  blood  was  driven 
forwards  from  N to  P,-  with  every  pulfation  of  the  heart,  and  in- 
ftantly  ran  back  again,  in  like  manner,  as  if  with  the  naked  eye  we 
beheld  a fwift  alternate  or  reciprocal  motion,  like  that  of  a faw. 

We  know,  that  water  cannot  be  compreffed  into  a lefs  fpace 
than  it  naturally  occupies  ; and  this  being  alfo  the  cafe  with  re- 
gard to  the  blood,  we  muff  conclude,  that  the  coat  of  this  veffel, 
between  N and  P,  and  alfo  a little  below  N,  was,  at  every  pulfation, 
expanded  in  diameter,  and,  at  the  intermitting  of  the  pulfation, 
would  coni  raft  itfelf,  and  fo  drive  the  blood  back  again. 

Keeping  my  eye  fixed  on  the  objeft,  I perceived,  in  a little 
time,  the  blood  bet  ween  P and  R begin  to  move,  and  by  little 
and  little,  from  P towards  R,  to  have  the  fame  alternate  motion 
to  and  fro,  as  I have  before  defcribed.  At  the  fame  time,'  the 
blood  in  the  veffel  N S,  where  at  firfl,  little  or  no  motion  could 
be  feen,  the  current  was  now  as  fwift  as  ufual.  And  in  the 
fmall  biood-veffel,  marked  P Q,  which  was  only  of  a fize  to  admit 
one  globule  at  a time,  and  wherein  I could  not  at  firfl:  difcover 
any  motion,  the  circulation  was  now  reftored  ; but  the  particles 
of  blood  were  few  in  number,  and- at  a diftance  from  each  other. 
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At  length  all  the  blood  from  P to  R,  was  fo  far  rendered  fluid, 
that,  at  every  pulfation,  it  was  driven  forward,  and  then  returned 
back  again.  In  thefe  obfervations,  about  two  minutes  of  time 
elapfed,  and  my  eye  being  fatigued,  I took  it  off  the  object  to  give 
it  reft,  in  xwhich  interval,  the  animal  put  itfelf  into  a violent 
agitation,  thereby  precluding  any  farther  obfervation. 

But,  fmce  we  now  clearly  fee,  that  coagulated  blood  can,  by 
the  pulfation  of  the  heart,  in  courfe  of  time,  not  only  be  put  in 
motion,  but  alfo  fo  far  diffolved,  that  its  component  particles 
or  globules  may  re-affume  their  priftine  figure,  we  may  fairly 
conclude,  that  blood,  in  any  animal,  which  by  a blow  or  bruife, 
is  made  to  coagulate  and  ftagnate  in  the  veffels,  may,  in  the  fpace 
of  fome  days,  be  reftored  to  motion» 
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10.8,000  a day  and  a night. 
10 


1,080,000  ten  days. 


For,  fuppofing,  that  in  an 
human  body,  the  blood  is  driven 
from  the  heart  feventy-five  times 
in  the  fpace  of  a minute  (fome 
fay  the  number  of  pulfations 
does  not  exceed  fixty,  but  I 
believe  my  computation  to  be 
neareft  the  truth)  it  follows, 
that  the  pulfations  in  an  hour’s 


time,  are  4,500,  and,  in  the  fpace  of  a day  and  a night,  108,000. 

Now,  if  we  find,  that  the  appearance  produced  by  coagulated 
blood,  will,  in  the  fpace  of  ten  days  difappear  From  our  bodies, 
and  confider,  that,  in  the  fame  fpace  of  time,  a million  and 
eighty  thoufand  pulfations  are  performed,  and  fuppofing,  that, 
at  every  pulfation,  fo  much  of  the  blood  is  put  in  motion  in  the 
feveral  veffels,  as  is  only  equal  in  fize  to  a grain  of  fand,  we  may 
gather  how  much  cf  ftagnant  blood  may  be  reftored  to  motion, 
in  the  fpace  of  time  juft  mentioned. 
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For  example,  let  us  fuppofe,  that  the  quantity  of  blood,  8° 
which  at  every  pulfation  can  be  rendered  fluid,  and  re-  80 
ftored  to  its  motion,  is  no  more  than  the  fize  or  quantity  6400 

of  a grain  of  fand,  and  that  eighty  of  fuch  grains  placed  80 

fide  by  fide  do  not  exceed  the  length  of  one  inch  ; we  £12000 
find  then  that  512000  grains  of  fand  taken  together  are  — 
equal  to  a cubic  inch,  which  number  is  not  the  half  of  the  number 

above  affigned. 

In  this  blood-veffel,  which  I have  juft  mentioned,  I could  not 
only  very  clearly  difcern  the  feveral  pulfations,  but  I could  alfo 
many  times  in  all  the  arteries,  fee  to  make  an  exaft  compu- 
tation how  many  times  the  blood  was  propelled  from  the  heart 
in  the  fpace  of  one  minute* 

. Now,  if  we  confider  that  fo  great  a quantity  of  blood,  as  is  con- 
tained within  the  com  pafs  of  a cubic  inch,  is  very  rarely  by  a 
blow  or  bruife  congealed  in  one  fpot,  we  may  eafily  conceive, 
that  when  a coagulation  does  happen,  it  may,  by  fuch  frequent 
propulfions  or  pulfations  as  I have  mentioned,  be  at  length  dif- 
folved,  and  in  all,  or  moil  of  the  veffels,  reftored  to  the  fame  cur- 
rent or  courfe  as  before. 

i * 

At  another  time,  I obferved  an  appearance  of  a different  nature 
in  the  blood-veffels,  which  was  occafioned  by  my  having  put  a 
tadpole  into  a piece  of  clean  paper,  whereby  a fmall  fpot  in  the 
very  thinneft  part  of  its  tail  ftuck  to  the  paper,  and  thereby 
received  a fmall  injury,  fo  that  fome  blood  flowed  from  the 
wound,  out  of  an  artery  which  was  of  a fize  to  admit  about  four 
globules  of  blood  to  pafs  through  it  at  a time. 

The  blood  thus  flowing  out,  remained  collefted  about  the 
wounded  part ; but  here  another  fight  prefented  itfelf,  which  en- 
gaged all  my  attention  ; for,  in  this  fame  artery,  at  about  the  half 
of  an  hair’s  breadth  diftance  from  the  wounded  part,  another 
fmall  branch  appeared,  wherein  the  blood  purfued  its  courfe  in 

O 
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the  fame  uniform  and  diftinft  manner,  as  if  the  artery  had  re- 
mained uninjured* 

At  fig.  10,  T V,  is  feen  this  artery,  which  was  wounded  a little 
above  V.  The  letters  V and  X indicate  the  extravafated  blood* 
V W denote  the  minute  artery  in  which  the  blood  purfued  its 
regular  courfe,  though  clofe  to  the  place,  at  P,  it  iffued  out  from 
the  artery  TV. 

This  fight  at  firft  furprized  me,  but  my  wonder  ceafed  when  I 
obferved  that  this  blood  veffel  V W,  was  united  with  a large 
one  at  W,  and  of  that  fort  which,  carrying  back  the  blood 
to  the  heart,  is  called  a vein*  And  by  means  of  this  i aft-men 
tioned  veffel,  the  blood  was  carried  through  the  paffage  VW,  as 
it  were,  by  a kind  of  fuftion,  with  as  much  fwiftnefs  as  it  had; 
been  before  driven  from  T to  V,  info-much  that  I was  perfuaded, 
that  if  the  fmall  veffel  V had  not  been  united  to  the  artery  T V, 
but  only  its  orifice  had  laid  in  the  extravafated  blood,  about  the 
fpot  at  V,  that  fuch  extravafated  blood  would  in  a fhort  time  have 
been,  as  I may  fay,  fucked  up  and  carried  away  with  the  remain*, 
der  of  the  blood  towards  W. 

I have  often  reflefted  on  the  nature  of  thofe  very  thin  tranfpa- 
rent  pellicles,  or  fkins,  which  conftitute  the  wings  of  fmall  flying 
infefts,  fuch  as  gnats,  flies,  moths,  and  the  like  ; fome  of  which  I 
have  obferved  to  be  entirely  covered  with  feathers,  others  compofed 
only  of  thofe  mufcular  parts  which  ftrengthen  and  expand  the 
wing,  and  others  are  wholly  covered  with  hairs  : and  when  X con» 
fidered,  that  thefe  hairs,  or  feathers,  are  fixed  or  rooted  in  regular 
order  in  the  membrane  of  the  wing,  my  thoughts  were  wholly 
bent  to  difcover  how  thefe  wings  might  be  formed. 

As  to  the  fuppofition  which  at  firft  occurred,  that  thefe  mem- 
branes were  compofed  of  a tranfparent  vifcous  or  gummy  matter, 
congealed  or  hardened  to  a due  confidence,  X could  not  fatisfy 
myfelf  with  that  idea,  for  it  feemed  impoflible  to  me,  that  in  that 
cafe  the  feathers  and  hairs  could  be  produced  in  fuch  regular 
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order ; and  yet,  it  was  beyond  my  comprehenfion  how  fo  thin 
a membrane  could  be  furnifhed  with  fuch  a number  of  veins  or 
veffels  as  would  be  requifite  for  the  formation  of  fuch  feathers 
and  hairs» 

In  my  endeavours  to  invefligate  this  fubjeft,  I firft  examined 
one  of  thofe  flying  infefts,  whofe  wings  confift  of  membranes 
only,  without  either  hairs  or  feathers  ; which  membranes  are 
placed  between  the  large  veffels  and  finews,  giving  ftrength  and 
ftiffnefs  to  the  wings;  and  upon  the  examination  of  thefe,  I plainly 
faw  that  there  were  large  blood-veffels  running  among  the  finews 
or  mufcular  parts,  from  which  arofe  fmaller  veffels,  and  thefe 
again  divided  themfelves  into  ftill  fmaller  ones,  until  at  length 
they  became  invifible. 

I was  not,  however,  content  with  this,  and  among  other  objefts, 
I met  with  a large  green  grafshopper,  in  the  wing  of  which  I more 
clearly  perceived  not  only,  that  from  the  large  blood-veffels  in  the 
wing,  other  fmaller  ones  arofe,  but  I alfo  faw  that  the  colour  of 
the  blood  in  thefe  large  veffels  was  green  ; and  in  the  fmaller 
veffels  and  their  more  minute  ramifications,  I could  ftill  diftinguifh 
the  blood  to  have  a greenifh  caft  ; but  when  thefe  veffels  were 
again  fubdivided  into  fmaller  ones,  I could  not  perceive  any 
colour  in  them,  and  the  veffels  themfelves  became  fo  clear  and 
tranfparent  that  they  entirely  efcaped  the  fight. 

Though  I could  moll  plainly  fee  that  the  fubftance,  or  matter, 
of  which  this  blood  was  compofed  confifted  of  globules  fwimming 
in  a clear  liquor,  I moreover  cut  the  wing  in  two,  and  out  of  the 
veffels  collefled  fome  of  the  blood,  which  I placed  before  the  mi» 
crofcope,  and  obferved  that  where  the  globules  or  particles  of  it 
lay  in  numbers  or  heaps  together,  the  colour  was  a lively  green, 
where  they  lay  fo  thin  as  not  to  amount  to  the  twentieth  part  of 
the  thicknefs  of  an  hair  of  ones  head,  the  colour  was  only  green» 
ifh,  but  where  the  globules  were  fingly  difperfed,  it  had  no  longer 
any  appearance  of  colour  at  all,  but  became  tranfparent ; and 
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here  it  clearly  appeared  to  me,  that  all  thefe  green  globules  were 
contained  in  a thin  tranfparent  fluid. 

From  thefe  obfervations  I concluded,  that  the  tranfparent 
membranes  which  principally  conftitute  the  wings  of  thefe  fmall 
animals,  are  as  compleatly  provided  with  blood-veffels,  finews, 
&c.  as  the  bodies  of  other  creatures. 

I formerly  was  of  opinion,  that  in  the  wings  of  thefe  fmall  flying 
creatures  there  was  no  circulation  of  the  blood,  for  I judged,  that 
in  its  paffage  through  fuch  exceeding  (lender  veffels,  it  mu  ft  be 
evaporated  or  dried  up  : and  the  rather,  as  many  of  thefe  winged 
infefts  do  not  take  any  food,  but  only  live  a few  days,  and  die  as 
foon  as  they  have  coupled,  and  laid  their  eggs.  But  if  we  recol- 
leói,  that  the  membranes  of  their  wings  are  of  a hard  and  horny 
nature,  though  exceeding  thin,  we  may  conclude,  that  all  the 
veffels,  compofing  this  horny  membrane  are  fo  firm  and  tough, 
that,  though  all  the  fluid  contained  in  them  fhould  be  dried  up 
by  the  heat  of  the  fun,  the  veffels  themfelves  would  not  collapfe 
or  (brink  up,  as  thofe  in  our  own  bodies,  or  the  bodies  of  other 
animals  would  do  in  the  like  cafe. 

I was  confirmed  in  this  opinion,  by  obferving  that  the  blood» 
veffels  in  the  wings  of  thefe  infefts  were  not  of  the  fame  make  as 
thofe  in  the  bodies  of  the  human  fpecies  and  of  terreftrial  ani» 
mals,  but  were  compofed  of  annular  parts  or  rings,  like  the  wind- 
pipe and  the  veffels  pertaining  ro  refpiration  in  the  lungs  of  ani» 
mals.  And,  though  we  may  not  be  able  to  difcover  all  thefe  veffels 
in  the  wings  of  infefts,  yet  we  may  be  affured  that  there  is  an 
incredible  number  of  them  entering  into  the  compofition  of  thofe 
wings.  And,  fhould  we  imagine,  that  thefe  veffels  by  reafon  of  their 
fmallnefs  or  their  hard  and  dry  nature,  are  impervious  to  blood 
and  juices  for  the  fuftenance  of  the  wing,  we  muft  confider  that 
there  is  not  a Angle  hair  or  feather,  how  fmall  foever  it  be,  which 
is  found  upon  one  of  thefe  wings,  but  muft  have  had  in  it  many 
fmall  veffels  neceffary  for  its  produftion  ; for  every  feather  has  its 
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quill,  and  every  quill  mull  have  a great  number  of  veflels,in  order 
to  contribute  to  the  increafe  of  fuch  feather  : and  who  knows 
whether  each  of  fuch  fmall  feathers  may  not  have  been  formed  out 
of  more  than  a thoufand  veffels  ? And  when  we  refleft  on  the 
great  number  of  feathers  or  hairs  with  which  the  wing  of  a fly  or 
moth  is  covered,  we  {hall  find  it  impoffible  to  conceive  the  num- 
bers of  veffels  of  which  thefe  infefts,  though  they  appear  contemp- 
tible in  our  eyes,  are  compofed.  Indeed,  I am  of  opinion,  that 
many  phyficians  and  furgeons  cannot  reckon  up  fo  great  a num- 
ber of  veffels  in  a cat  or  a dog,  as  I imagine  enter  into  the  com* 
po  fit  ion  of  a gnat. 

It  was  alfo  at  one  time  my  opinion,  that  the  ridges,  or  thicker 
parts,  in  the  wings  of  thefe  flying  infefts,  and  which  I have  named 
finews,  were  only  the  boney  parts  of  the  wing  to  give  it  ftrength. 
But  when  I perceived,  that  there  were  large  blood- veffels  in  thofe 
parts,  I applied  myfelf  with  all  diligence  to  difcover,  if  poflible, 
the  current  of  blood  in  thofe  veffels. 

For  this  purpofe,  I took  thofe  butterflies  which  proceed  from 
the  catterpillar  that  feeds  on  the  afpin,  the  poplar,  or  the  willow ; 
and  which,  in  fize  and  fhape,  referable  the  filk  worm's  butter- 
fly. Their  wings  are,  on  both  fides,  covered  with  white  feathers, 
and,  unlefs  thefe  are  taken  off,  the  membrane  cannot  be  dif- 
cerned.  Thefe  feathers  I wiped  from  the  wing  with  a foft  piece 
of  leather,  as  gently  as  poflible,  to  avoid  injuring  the  wing  or 
hurting  the  butterfly.  And  I then  applied  the  wing  (while  the 
animal  was  alive)  to  the  microfcope ; but,  with  all  my  attention,  I 
could  not  difcern  the  leaf!  current  of  blood  in  the  veffels,  though, 
if  there  had  been  any  regular  motion,  I have  no  doubt  but  I 
fhould  have  feen  it,  and  the  rather,  as  this  blood  was  of  a yellow- 
ifh  colour ; and,  upon  opening  the  large  veffels  in  thefe  wings,  I 
have  often  prefled  put  the  blood  which  they  contained. 

For  the  mod  part,  thefe  large  veffels  lye  in,  or  near,  that  boney 
part  of  the  wing  which  gives  it  flrength;  and  I have  often  obferved 
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thofe  veffels  to  be  placed  not  in  a right  line,  or  parallel  with  the 
boney  part,  but  twitted,  with  various  turnings,  in  like  manner 
as  if  one  were  to  fee  the  inteftines  of  an  animal  in  the  potture  they 
lie  while  joined  to  their  membranes» 

After  this,  I accidentally  met  with  a large  grey  moth  or  butter- 
fly, which  in  a manner  flew  into  my  hand.  T his  butterfly  I killed, 
and  cut  off  the  wings,  and,  having  taken  off  the  feathers,  I 
placed  them  before  the  microfcope  : and  here  I faw  the  blood- 
veflels  more  plainly  than  in  the  wings,  of  the  other  infeös  I have 
mentioned.  A part  of  one  of  thefe  wings  I placed  before  the 
microfcope,  and  caufed  a drawing  to  be  made,  not  only  of  thofe 
blood- veffels  lying  in  the  boney  part  of  the  wing,  but  alio  of  thofe 
which  were  difperfed  over  the  membrane,  and  of  which  the  mem- 
brane, in  part,  confifts  ; in  order  to  (hew,  how  the  veffels  lye 
twitted  in  various  turnings  ; alfo,  how  they  are  compofed  of 
annular  parts  or  rings  placed  together  ; and  likewife,  how,  from 
thefe  large  veffels  fmaller  branches  arife,  which,  in  great  numbers, 
are  fpread  all  over  the  membrane. 

In  Plate  IV,  jig.  1 1,  PQR  reprefents  a blood-veffel,  with  its 
various  branches,  fpread  over  the  membrane.  A B C D E F G,  is 
a large  blood-veffel  in  one  of  the  boney  parts  of  the  wing,  wherein 
is  feen,  the  manner  how  this  veffel  is  twitted  or  bent,  and  alfo,  the 
annular  parts  of  which  it  is  compofed;  in  conformity  with  the 
formation  of  the  blood-veffels  in  all  infefts  ; infomuch  that  I have 
feen  the  blood-veffels  in  the  loufe  and  flea,  to  be  compofed  of  fuch 
annular  parts. 

In  the  fame  figure,  BH,  IK,  C L,  D M,  E N,  and  E O,  repre- 
sent the  blood-veffels  with  their  branches  iffuing  from  this  1 aft- 
mentioned  veffel,  and  fpreading  over  the  membrane;  and  in  thefe 
alfo,  the  annular  parts  could  be  diftinguifhed ; but  when  they 
became  fo  fmall,  as  to  appear  no  larger  through  the  microfcope, 
than  a horfe-hair  to  the  naked  eye,  then  the  rings  in  them  could 
no  longer  be  discerned.  Thefe  veffels  the  limner  purfued  in  his 
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drawing  as  far  as  his  eye  could  diflinguifh  them,  but  at  length 
they  became  fo  minute,  and  fo  intermixed  one  with  another,  that 
no  true  judgment  could  be  formed  of  them. 

In  S T V,  are  (hewn  a few  of  the  feathers,  which  fo  exaftly 
cover  both  fides  of  the  membrane,  that  no  part  of  it  can  be  feem 
W W W,  are  three  larger  feathers  which  were  placed  on  the 
edges  of  the  wing.  XXXXX  indicate  the  membrane,  when  it  was 
laid  bare  of  its  feathers,  on  both  fides,  in  order  to  difcover  the 
blood-veffels.  And  here,  though  not  in  regular  order  ,may  be  feen 
the  cavities  or  holes  in  which  the  quills  were  fixed,  and  from, 
which  they  had  their  origin. 

Farther,  I confidered  with  myfelf,  whether  or  no  the  blood- 
veffels  confided  of  arteries  and  veins  ; but  I could  not  fee  any 
other  than  one  fort  of  veffels  in  the  wings  of  all  the  infefts  of  this 
fpecies,  which  I have  examined,  except  that  once  I thought  I faw 
in  the  thinneft  part  of  the  wing  of  a grafshopper,  that  in  the  larger 
veffels  next  the  body,  another  fpecies  of  veffels  was  inferted* 

The  conclufion  drawn  by  me  upon  the  whole  was,  that  there 
was  not  any  circulation  of  the  blood  in  the  wings  of  thefe 
creatures,  and  that  the  blood-veffels  I have  been  defcribing,  which 
certainly  were  arteries,  were  only  defigned  to  perfefl  the  forma- 
tion of  the  wing,  with  its  multitudes  of  feathers,  and  afterwards,, 
to  convey  the  blood,  with  an  exceeding  flow  motion,  through  the 
veffels,  in  order  to  afford  a fmall  degree  of  fupport  to  the  wing  in 
its  perfefl  flate.  For,  as  thefe  butterflies,  and  thofe  which  are 
produced  from  the  bilk-worm,  and  many  other  flying  infefts  which 
proceed  from  catterpillars,  do  not  take  any  food,  and  do  not  live 
any  longer  than  till  they  have  coupled  and  laid  their  eggs,  it  is; 
not  neceffary,  in  my  opinion,  that  the  blood  in  their  wings  fhoulT 
have  any  circulating  or  retrograde  motion,  and  befides,  the  mem. 
branes  being  of  a fliff  horny  nature,  they  require  little  or  no  non- 
rifhment. 

I cannot  here  omit  to  mention,  that  I have  heretofore  often. 
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taken  great  pains  to  difcover  two  kinds  of  veffels  in  the  leaves  of 
trees  and  plants  in  order  to  afcertain,  whether  there  was  any 
circulation  in  leaves,  but  I never  could  fee  more  than  one  fpecies 
of  veffels,  namely,  thofe  that  convey  the  nutritive  juices  to  the 
feveral  parts. 

But,  if  we  confider,  that  not  only  the  leaves  of  trees,  but  alfo 
their  fruits,  do  not  need  any  other  than  thofe  nutritive  juices, 
which  are  requifite  to  bring  them  to  perfection,  we  (hall  not 
wonder  that,  when  at  a ftate  of  maturity,  they  are,  as  it  were, 
fpontaneoufly  loofened  or  fhaken  off  from  the  tree,  without  the 
leaft  appearance  of  having  been  broken  off ; nay,  that  part  of  the 
{talk  which  was  originally  united  to  the  tree,  will  appear  as 
fmooth,  as  if,  with  its  multitudes  of  veffels  it  never  had  been 
joined  to  it. 

In  a word,  I will  venture  to  affert,  that  neither  the  wings  of  the 
before  mentioned  flying  infefts,  nor  the  leaves  or  fruit  of  trees, 
require  that  kind  of  circulation  of  the  juices,  which  we  have 
been  confidering. 
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Of  the  formation  of  the  Teeth  in  feveral  animals  ; the  JlruElure  of  the 
human  Teeth  explained , and  fome  of  the  diforders  to  which  the  fame 
are  liable  accounted  for * 

Having  taken  great  pains  to  inveftigate  the  formation  of  the 
elephants  tooth*  and  examined  into  the  nature  of  it  by  every 
means  I could  devife*  I found  it  to  confift  only  of  a collection  of 
tubuli*  or  pipes*  Yhich  are  exceedingly  fmall*  and  all  derive  their 
origin  from  the  inner  part  of  the  tooth*  for  f never  could  difcover 
any  of  them  lying  longitudinally  or  lengthwife  in  it. 

Upon  examining  that  part  of  the  tooth  where  the  boney  lu fa- 
ll a nee  is  but  thin*  which  is  where  it  is  united  to  the  head*  I very 
plainly  perceived  that  one  end  of  thefe  tubuli  took  its  rife  from 
the  cavity  within*  and  the  other  end  extended  to  the  circum- 
ference* which  circumference  or  outfide  was  compofed  of  a kind  of 
fcaly  particles  laid  one  on  another*  and  I confidered  with  myfelf 
whether  each  feries  or  layer  of  thefe  fcaly  particles  might  not 
be  the  fubftance  or  thicknefs  formed  in  the  fpace  of  one  year. 

. Purfuing  thefe  my  obfervations  in  the  examination  of  that  part 
of  the  tooth  v/here  to  the  eye  it  feerns  perfectly  folid*  I there  found 
it  to  have*  near  the  middle,  a fmall  cavity*  through  which  cavity  I 
concluded  the  nutritive  fubftance  muft  be  conveyed*  for  the  con- 
tinual fupport  and  increafe  of  the  tooth.  And  upon  examining 
the  tubuli  round  about  this  fmall  cavity*  1 perceived  that  they  all 
arofe  from  thence*  and  fpread  themfelves  all  round  towards  the 
circumference.  I endeavoured  to  examine  ftill  farther*  beyond  the 
part  where  this  cavity  ended*  in  order  to  difcover  whether  from- 
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thefe  fir  ft  formed  tubuli  others  might  not  arife  or  branch  forth  ; 
but  this  part  of  nature’s  work  was  mfcmtable  to  me.  My  con- 
ure  refpefling  the  matter  however  was,  that  each  of  the  boney 
tubuli  (proceeding  from  the  fmall  cavity  before-mentioned ) might 
be  compofed  of  many  folds  or  coats,  and  thus  not  only  be  dif- 
pofed  to  diverge  or  fpread  into  a larger  fpace,  fo  as  to  form  the 
fubftance  of  the  tooth,  but  alfo,  by  this  means,  contribute  to  its 
ftrength. 

I alfo  examined  the  teeth  taken  from  young  hogs,  and  found 
them  to  be  likewife  formed  of  tubuli  fpreading  from  the  cavity  in 
the  center,  to  the  circumference. 

After  this,  I was  defirous  of  examining  the  ftruciure  of  the  hu- 
man teeth,  and  having  for  that  purpofe  procured  a number  of  the 
large  ones,  called  the  grinders,  I found  them  to  be  formed  exactly 
in  the  manner  before  defcribed,  namely,  of  tubuli  or  little  boney 
pipes,,  clofely  joined  together,  arifing  at  the  cavity  in  the  middle 
of  the  tooth,  and  ending  at  the  circumference  or  outfide.  And  in 
order  to  explain  this  formation  to  the  Reader  as  clearly  as  pofii- 
ble,  I caufed  the  following  drawings  to  be  made  : 

In  Plate  V,  fig . 1,  at  ABC,  is  reprefented  a human  tooth,  on 
one  fide  of  which,  with  a file,  I cut  away  almoft  the  half,  not  to 
difcover  the  cavity  therein,  which  is  well  known  to  moft  perfons, 
but  only  to  fliew  the  manner  how  the  tubuli,  of  which  the  boney 
part  is  compofed,  take  their  rife  from  the  cavity  in  the  center, 
and  terminate  at  the  circumference.  But  it  mult  be  underftood, 
that  thefe  tubuli  are  by  no  means  of  the  fize  reprefented  by  the 
lines  in  this  figure,  the  fame  only  denoting  the  order  in  which  they 
lie,  for  the  tubuli  themfelves  are  exceedingly  fmall,  and  cannot  be 
well  difcerned  without  the  help  of  the  very  beft  microfcopes. 

In  the  fame  figure,  at  G H I,  is  reprefented  another  tooth,  which 
is  filed  down  from  the  upper  part  of  it  as  far  as  the  before-men- 
tioned cavity,  in  order  to  fliew  how  the  tubuli  do  here  alfo  fpread 
themfelves  round  about  from  the  center.  All  the  extremeties  of  the 
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tubuli  which  lie  near  the  outfide  of  the  tooth,  (as  far  as  they  are 
above  the  gums,  and  expofed  to  the  air)  are  extremely  hard, 
being  as  it  were  the  folid  cafe,  {hell,  or  covering  of  the  tooth;  and 
if  we  examine  the  furface  of  this  cafe  or  covering  attentively,  we 
fhall  find  one  tooth  to  have  forty,  another  perhaps  fifty  circles  on 
it,  like  wrinkles,  or  gatherings,  which  in  fome  places  run  in  a 
curved  or  wavy  direftion,  as  is  reprefented  in  the  figure  at  DEF, 
where  a drawing  is  given  of  this  outfide  (hell,  with  fome  of  the 
circles  marked  thereon  ; and  I imagine  that  the  circles  which  thus 
appear  like  wrinkles  proceed  from  hence,  that  they  are  the  places 
where  the  tooth,  while  growing,  is  from  time  to  time  protruded 
or  thru  ft  out  from  the  gum. 

In  the  teeth  ftied  by  children,  and  likewife  in  thofe  of  many 
young  animals,  I have  obferved  that  the  ends  of  their  roots  are 
entirely  open  or  hollow ; and  in  like  manner  I imagine  that  the 
roots  of  the  molar  teeth  or  grinders  which  I have  been  juft 
defcribing,  are  at  firft  formed  in  the  fame  manner,  but  that  in 
procefs  of  time  they  become  oftified  or  converted  into  a boney 
fubftance,  of  a fpongy  nature,  through  which  many  veffels  pafs, 
conveying  blood,  and  nutritive  juices  into  the  cavity  of  the  tooth, 
and  I alfo  conceive  that  this  cavity  is  filled  with  nerves  and  veffels 
fpreading  themfelves  into  fo  many  branches,  that  every  one  of  the 
boney  tubuli  is  thereby  increafed  during  the  time  of  its  growth, 
and  afterwards,  (while  the  tooth  continues  found)  nourifhed  and 
fupported.  I alfo  conjefture  that  thefe  fmall  veflels  thus  nourifh- 
ing  and  fupporting  the  boney  tubuli  do  not  end  at  the  furface  of 
the  tooth  (I  mean,  in  that  part  of  it  which  is  within  the  gum)  but 
that  the  aliment  or  nutritive  ftibftance  has  a continued  courfe 
through  thefe  veffels,  and  that  the  ends  of  the  boney  tubuli  are 
again  converted  into  foft  or  pliable  veffels,  fpreading  through  the 
gum,  and  that  thofe  veffels  are  what  principally  keep  the  tooth 
fixed  in  its  place. 

The  firft  formation,  and  fubfequent  fupport  or  nourishment  of 
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the  tooth  being  as  before  defcribed,  we  may  eafiiy  conceive  that  the 
boney  tubuli,  (being  of  a folid  nature,  and  incapable  of  dilatation 
or  fpreading)  may  happen  to  be  obftrufted  by  fome  grofs  or  con- 
creted matter,  and  then  the  final!  velfels  contained  within  the 
cavity  of  the  tooth  mull  immediately  by  fuch  obftruflion  in  the 
circulation  of  their  juices  be  diftended.  This  diftention  or  fwelling 
will  neceffariiy  excite  great  pain,  for  all  the  velfels  contained  in  the 
tooth  will  prefs  clofely  on  each  other,  forafmuch  as  they  cannot 
fweli  or  fpread  themfelves  as  other  velfels  can,  which  are  not  con- 
fined within  the  folid  lubftance  of  a bone.  Again,  fuppofing  thefe 
boney  tubuli  to  be  obftrufted,  and  the  obftruflion  not  removed, 
we  may  from  thence  gather  the  reafon  why  our  teeth  partially 
decay,  fometimes  on  the  fides,  and  fometimes  at  the  tops,  the  reft 
of  the  teeth  remaining  found  for  feveral  years  after. 

In  order  to  fliew  the  proportion  which  the  fize  or  thicknefs  of 
the  tooth  bears  to  its  component  parts  before  defcribed,  I placed  a 
very  (mall  piece  of  this  tooth  before  the  microfcope,  and  delivered 
that  microfcope  to  the  limner,  direfling  him  to  draw  an  exaft 
reprefentation  of  what  he  law,  (but  without  acquainting  him  what 
that  objeft  was).  And  here  I muft  obferve,  that  in  this  tooth  the 
tubuli  appeared  to  me  much  larger  than  I had  before  obferved  in 
any  animal,  or  in  the  elephant’s  tooth. 

In  Plate  V.  at  Jig.  2,  K L M N,  is  reprefented  * an  exceeding 
fmail  particle,  or  piece  of  a human  tooth,  of  that  fort  called  the 
molar  teeth,  or  grinders,  as  feen  through  the  microfcope.  The 
reafon  why  in  this  figure  fome  of  the  tubuli  there  piftured  appear 
of  a darker  (hade  than  the  reft,  is  only  this,  that  in  that  place 
where  they  feem  darker,  there  were  more  of  the  tubuli  lying  one 

* The  Author  having  juft  below  informed  us,  that  120  of  the  boney  tubuli  make 
only  the  forty-fifth  part  of  an  inch,  we  may,  by  counting  the.  tubuli  reprefented  in  this 
figure,  judge  the  natural  fize  of  the  fragment,  or  piece  of  tooth  here  magnified,  and  it  will 
be  found  to  be  about  the  fortieth  part  of  an  inch  in  length  and  the  fiftieth  part  of  an  inch' 
’in  breadth,  or  of  the  fize  fhewn  at  X. 
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behind  the  other,  owing  to  the  piece  of  tooth  being  thicker  in  that 
part,  for  this  fmall  fragment  was  fplit  off,  and  not  cut  from  the 
tooth» 

The  breadth  of  this  tooth  was  almoft  two  fifth  parts  of  an  inch, 
and  from  the  beft  computation  I could  make,  I judged  that  within 
the  forty-fifth  part  of  an  inch,  I faw  an  hundred  and  twenty  of 
the  tubuli,  which  amounts,  in  the  fpace  of  one  inch  in  length,  to 
five  thoufand  four  hundred  : now  fuppohng  this  molar  tc  , or 
grinder,  before  defcribed,  to  be  of  a round  figure,  the  diameter  of 
it  would  be  2150  times  the  thicknefs  of  ©ne  of  the  tubuli  of  which 
the  fame  is  compofed,  and  when  this  number  is  multiplied  into 
itfelf,  the  product  is  4,822,500.  In  a word,  the  proportion  of 
one  of  the  honey  tubuli  to  the  fize  of  fuch  a, tooth,  is  as  one  to 
4,822,500; 

Notwithftanding  I had  now  obtained  a very  fatisfaftory  infight 
into  the  formation  of  the  human  tooth,  I was  not  yet  content,  but 
became  defirous  to  examine  into  the  nature  of  the  fubftance,  or 
veftels  contained  in  the  cavity,  and  for  this  purpofe,  I procured 
fome  of  the  fore-teeth,  and  the  jaw-bone  of  an  ox,  which  were 
taken  out  and  brought  to  me  immediately  after  the  animal  had 
been  killed  ; feveral  of  thefe  fore-teeth,  and  fome  of  the  grinders# 
I broke,  or  fplit  open,  and  with  great  admiration  obferved,  that 
thofe  veftels,  which,  pafting  through  fmall  apertures  in  the  lower 
part  of  the  tooth,  filled  all  the  cavity  within,  confided  of  fuch  an 
inconceiveable  number  of  blood- veftels,  and  other  veftels,  as  to 
furpafs  all  imagination  : indeed,  many  of  them,  I obferved  to  be 
as  fmall  and  (lender  as  the  tubuli  themfelves,  of  which  the  tooth 
was  formed  ; and  among  them  were  fmall  blood  - veftels  branching 
out  into  ftill  (mailer  ones,  many  of  them  entirely  colourlefs,  there- 
fore, I thought  it  probable  that  there  might  be  ftill  fmaller  veftels 
entirely  undifcernible  by  our  fight. 

All  thefe  veftels  were  inclofed  in  a membrane,  or  coat,  which 
was  eafily  to  be  feparated  from  the  bone,  and,  having  kept  fome 
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of  thefe  teeth  by  me  four  or  five  days  before  I broke  them  open, 
(in  which  time  all  the  internal  moifture  was  evaporated),  I ob~ 
ferved  in  fome  places  within  the  tooth,  a bloody  fubftance  which 
had  penetrated  into  the  boney  tubuli,  giving  fome  of  them  a 
reddifh  colour. 

It  is  my  cuftom,  every  morning,  to  rub  my  teeth  with  fait,  and 
afterwards  to  wafh  my  mouth,  .and  after  eating  I always  clean  my 
large  teeth  with  a tooth-pick,  and  fometimes  rub  them  very  hard 
with  a doth.  By  thefe  means,  my  teeth  are  fo  clean  and  white, 
that  few  perfons  of  my  age  * can  drew  fo  good  a fet,  nor  do  my 
gums  ever  bleed,  although  I rub  them  hard  with  fait ; and  yet  I 
cannot  keep  my  teeth  fo  clean,  but  that  upon  examining  them 
with  a magnifying  glafs,  I have  ob ferved  a fort  of  white  fubftance 
colleded  between  them,  in  confiftence  like  a mixture  of  flour 
and  water.  In  reflefting  on  this  fubftance,  I thought  it  probable, 
(though  I could  not  obferve  any  motion  in  it,)  that  it  might  con- 
tain fome  living  creatures.  Having  therefore  mixed  it  with  rain 
water,  which  I knew  was  perfectly  pure,  I found,  to  my  great 
furprife,  that  it  contained  many  very  fmall  animalcules,  the  mo- 
tions of  which  were  very  pleafing  to  behold.  The  largeft  fort 
of  them  is  reprefented  in  Plate  V,  Jig . 3,  at  A,  and  thefe  had  the 
greateft,  and  the  quickeft  motion,  leaping  about  in  the  fluid, 
like  the  fifh  called  a Jack  ; the  number  of  thefe  was  very  fmall. 
The  fecond  fort  are  reprefented  at  B,  thefe  often  had  a kind  of 
whirling  motion,  and  fometimes  moved  in  the  direftion  repre- 
fented by  the  dotted  line  C D,  thefe  were  more  in  number.  Of 
the  third  fort,  I could  not  well  afcertain  the  figure,  for  fometimes 
they  feemed  roundifh  but  oblong,  and  fometimes  perfeftly  round. 
Thefe  were  fo  fmall,  that  they  did  not  appear  larger  than  repre- 
fented at  E.  The  motion  of  thefe  little  creatures,  one  among 
another,  may  be  imagined  like  that  of  a great  number  of  gnats,  or 
flies,  fporting  in  the  air.  From  the  appearance  of  thefe,  to  me,  I 

* Mr,  Leeuwenhoek,  at  the  time  of  writing  this,  was^  upwards  of  fifty  years  of  age. 
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judged  that  I faw  feme  thoufands  of  them  in  a portion  of  liquid, 
no  larger  than  a grain  of  fand,  and  this  liquid  confided  of  eight 
parts  water,  and  one  part  only  of  the  before-mentioned  fubftance 
taken  from  the  teeth. 

With  the  point  of  a needle,  I took  fome  of  the  fame  kind  of 
fubftance  from  the  teeth  of  two  ladies,  who  I knew  were  very 
punctual  in  cleaning  them  every  day,  and  therein  I obferved  as 
many  of  thefe  animalcules  as  Ï have  juft  mentioned.  I alio  faw 
the  fame  in  the  white  fubftance  taken  from  the  teeth  of  a boy 
about  eight  years  old  ; and  upon  examining  in  like  manner,  the 
fame  fubftance  taken  from  the  teeth  of  an  old  gentleman,  who 
was  very  carelefs  about  keeping  them  clean,  I found  an  incredi- 
ble number  of  living  animalcules,  fwimming  about  more  rapidly 
than  any  I had  before  feen,  and  in  fuch  numbers,  that  the  water 
which  contained  them,  (though  but  a fmall  portion  of  the  matter 
taken  from  the  teeth  was  mixed  in  it,)  feemed  to  be  alive. 

Some  time  after  making  the  preceding  obfervations,  I received 
from  Sir  Hans  Sloane,  a packet,  containing  three  fmall  mag- 
gots, two  of  which  were  dead,  and  the  third  alive,  with  a 
letter,  informing  me  that  they  were  found  in  a perfon’s  decayed 
tooth,  from  whence  they  had  been  expelled  by  fumigation.  Upon 
examining  thefe,  I had  no  doubt  that  they  were  of  the  fort  found 
in  cheefe,  and  upon  comparing  them  with  fome  living  ones  which 
I procured  from  a cheefemonger,  I found  them  to  correfpond 
exaftly  in  make  and  fhape.  Thefe  maggots  are  the  offspring  of  a 
fmall  fly,  which  is  frequently  feen  in  cheefemongers'  (hops,  and 
lays  its  eggs  in  the  cheefe,  where  the  little  maggots  produced  from 
them  find  nourishment,  and  are  in  time  converted  into  flies. 

The  maggots  fent  me  by  the  cheefemonger,  I kept  in  a glafs 
tube,  and  fupplied  them  with  food,  and  in  a fhort  time  they  were 
converted  into  flies,  which  laid  eggs,  and  thefe  again  produced 
maggots  of  the  fame  kind  as  the  former.  The  living  maggot 
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which  I received  from  Sir  Hans  Sloane  I kept  by  itfelf,  and  it  was 
alfo  converted  into  a fly  of  the  fame  fpecies. 

Thefe  maggots  when  firft  hatched  from  the  egg,  are  no  bigger 
than  a grain  of  fand,  but  afterwards  grow  to  about  four  times  that 
fize  ; they  have  two  fmall  teeth  by  which  they  are  enabled  to  gnaw 
their  way  into  the  cheefe  ; and  as  their  (kin  is  very  firm  and  hard 
they  are  not  eafily  crufhed  or  deftroyed.  Now*  it  is  eafy  to  con- 
ceive, that  the  perfon  in  whofe  tooth  the  maggots  firft  mentioned 
were  found,  might  have  been  eating  of  fuch  old  cheefe,  and  that 
the  maggots,  or  the  eggs  producing  them,  might  have  been  lodged 
uninjured  in  the  cavity  of  the  tooth,  where,  when  they  began  to 
gnaw  they  mud  caufe  great  pain  ; and  we  may  alfo  eafily  imagine 
that  by  the  fumigation  they  might  have  been  driven  out  of  the 
part. 
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ON  COFFEE* 


1 N my  enquiries  into  the  nature  of  feveral  kinds  of  feeds,  I 
examined,  among  others,  thofe  which  are  called  Coffee  Beans, 
which  are  much  in  ufe  in  this  country,  for  preparing  the  well 
known  drink  of  that  name. 

I was  firft  deffrous  to  know  in  what  part  of  thefe  feeds  the 
young  plant  was  placed,  and  for  this  purpofe  I procured  fome 
entire  coffee  beans,  inclofed  in  their  original  hulk  or  fhelL 

In  Plate  V,  fig . 4,  E F,  is  reprefented  this  nut,  huik,  or  (hell,  in 
which  are  two  of  thefe  coffee  beans,  divided  by  a membrane,  or 
partition  : for,  that  which  at  firft  fight  appears  as  a fmgle  feed, 
does  in  faff  confift  of  two  diftindt  beans  or  feeds,  lying  in  regular 
order  befide  each  other,  juft  as  we  ob ferve  two  kernels  in  an 
almond,  a filbert,  or  an  apricot. 

In  fig.  5,  G H,  is  fhewn  the  nut  or  {hell,  opened  on  one  fide, 
(hewing  how  the  two  beans  lie  with  their  flat  fides  next  each  other ; 
G is  that  part  which  was  joined  to  the  plant,  and  from  whence  the 
feed  derived  its  nourifhment,  and  H is  the  end  where  the  young 
plant  is  formed  in  the  feed  ; fig.  6,  I K,  is  a coffee-bean  lying 
with  its  flat  fide  upwards. 

I cut  a flice  from  one  of  thefe  beans,  at  the  end  marked  I,  and 
caufed  a figure  of  it  to  be  drawn,  fomewhat  magnified,  only  to 
(hew  the  place  where  the  young  plant  lies. 

Fig.  7,  L M N,  is  this  flice,  and  at  O is  to  be  feen  the  part  of 
the  bean  where  the  young  plant  is  formed  ; and  here  that  part 
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which  would  have  grown  up  into  a ftaik  or  ftem,  is  cut  tranft 

verfely. 

* 

I have  alfo  laid  coffee  beans  for  fome  time  in  water,  in  order 
more  eafily  to  take  out  the  young  plant,  and  to  give  a drawing 
of  it  from  the  microfcope.  This  young  plant,  fo  magnified,  is 
fnewn  in  Plate  V.  fig.  8,  P Q R S T V.  At  O R S T V are  three 
compleatly  formed  leaves,  and  I could  fee  the  vefiels  and  glo- 
bules whereof  they  confifted  very  diftinftly  in  fome  of  them, 
efpecially  where  the  leaves  did  not  lie  two  or  three  together.  A 
few  of  thefe  globules,  compofing  the  leaf,  are  repreiented  in  this 
figure,  at  letter  T.  That  part  where  the  root  and  ftem  would 
(hoot  forth  is  fhewn  at  P Q V. 

After  this  young  beginning  of  the  plant  had  flood  fome  months 
before  the  microfcope,  I perceived  that  the  leaves  were  covered 
with  a fort  of  mouldinefs.  This  appearance  ufually  begins  by  a 
kind  of  ftaik;  from  whence  a globule  proceeds,  and  out  of  that 
many  more,  exhibiting  together  the  likenefs  of  foliage,  but  the 
mouldinefs  I am  now  fpeaking  of,  had  a very  different  appearance, 
being  much  more  in  the  fnape  of  flowers,  as  is  fhewn  in  fig.  8,  at 
aaaa.  But  I have  often  feen  this  mouldinefs,  even  on  the  dead 
bodies  or  parts  of  the  bodies  of  infefls,  and  alfo  on  the  fhell  of  a 
fi Ik- worm's  egg. 

Some  of  thefe  beans  I placed  in  a proper  chymical  veffel  over 
the  fire,  and  obferved,  that  in  the  roafting,  or  burning  them,  a 
great  quantity  of  oily  fubftance,  and  alfo  of  watery  moiflure  was 
expelled.  The  roafted  beans  I broke  into  fmall  pieces,  and  after 
infufing  them  in  clear  rain  water,  I differed  the  water  to  evaporate, 
after  pouring  it  off  from  the  groffer  parts  of  the  coffee,  and  then  I 
difcovered  a great  number  of  oblong  faline  particles  of  different 
fizes,  (but  mod  of  them  exceedingly  minute)  all  of  them  with 
(harp  points  at  the  ends,  and  thick  in  the  middle. 

Afterwards,  I took  fome  of  the  coffee  beans  in  the  fame  ftate 
they  are  imported  to  us,  and  upon  fqueezing,  or  prefling  them 
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with  great  force,  a larger  quantity  of  the  oil  was  expreffed  than 
could  he  imagined,  and  Ï obferved  that  this  oil  was  very  clear  and 
thin. 

I alfo  cut  coffee  beans  into  very  fmali  fragments,  or  pieces, 
in  every  dire&ion,  and  I always  found  them  to  be  of  a very  open 
and  fpongy  texture:  for,  whereas,  almoft  all  feeds  con fi ft  of  a 
farinaceous,  or  mealy  fubftance,  (except  in  that  part  where  the 
young  plant  is  contained)  this  feed,  on  the  contrary,  is  formed 
of  nothing  but  fibres,  branching  or  fpreading  one  among  another, 
and  the  cavities  between  them,  in  many  places,  filled  with  oil ; for 
when  I cut  off  very  fmali  pieces  from  the  bean,  1 could  plainly 
perceive  the  oil,  and  take  it  out  from  the  part  where  it  lay. 

From  the  middle  of  a bean,  I cut  a very  fmali  (lice,  and  placed 
it  before  the  microfcope,  in  order  to  fhew  the  open  and  fpongy 
texture  of  this  feed;  and  in  Plate  V.jffg.  g9-  A B C D,  is  reprefented 
this  particle,  or  piece  of  bean  when  magnified,  the  natural  fize  of 
which  was  no  larger  than  might  be  covered  by  two  grains  of  land. 
The  parts  which  in  this  figure  appear  clofed  up,  and  fome  of 
them  to  confifi:  of  globules,  were  filled  with  oik  When  a coffee 
bean  is  thus  cut  into  fmali  pieces,  and  the  pieces  preffed  between 
the  fingers,  or  fqueezed  between  any  hard  fubflances,  the  fingers, 
or  whatever  is  ufed  in  fuch  preffure,  will  be  much  flamed  with  oil ; 
(that  is  to  fay,  in  proportion  to  the  force  applied)  and  I will  ven- 
ture to  fay,  that  by  a fingle  operation  of  this  kind,  more  than  one 
thoufand  little  drops  of  oil  will  be  expreffed:  it  is  here  to  be  noted, 
that  the  oily  particles  formed  in  the  coffee  bean  are  not  perfectly 
of  a round  figure,  but  in  many  places  they  lie  together  in  irre- 
gular fhapes. 

This  formation  of  the  coffee  bean  being  confidered,  we  need 
no  longer  wonder,  that  they  cannot  be  reduced  into  powder  until 
thev  have  been  roafted,  or  burnt,  for,  in  the  roafling,  much  of  the 
oil  is  driven  off  and  confumed  by  the  fire,  and  the  branchy,  or 
fibrous  particles  become  weaker  or  more  brittle,  and  the  more 
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they  are  burnt,  or  roafted,  the  more  eafily  they  can  be  pounded  in 
a mortar. 

As  to  myfelf,  who  am  accuftomed  to  take  this  kind  of  drink 
every  morning  for  breakfaft,  I do  not  fuffer  the  coffee  beans  to  be 
much  burnt,  and  I caufe  them  to  be  pounded,  or  reduced  into 
fuch  fmall  particles,  that  they  will  pafs  through  a filken  fieve,  and 
until  they  feel  between  the  fingers  as  fine  and  fmooth  as  flour.  A 
proper  quantity  of  the  coffee  thus  prepared,  being  put  into  a 
coffee-pot,  I pour  on  it  boiling  rain  water,  and  then  fet  it  again 
on  the  fire,  but  not  to  boil,  and  after  letting  it  hand  for  a fhort 
time  to  fettle,  this  is  the  coffee  I make  ufe  of 

This  is  not,  indeed,  a very  profitable  way  of  making  coffee, 
though  much  more  grateful  and  pleafant  to  the  palate,  except  to 
thofe  who  like  the  burnt  flavour.  For,  when  the  coffee  beans  are 
violently  roafted,  they  can  more  eafily  be  pounded  to  powder  and 
paffed  through  a fieve,  and  the  liquor  clarifies  fooner ; and  alfo, 
by  reafon  of  the  burning,  the  bitter  tafie  fpreads  farther,  and 
produces  more  of  the  liquor,  efpecially  if  the  coffee  be  boiled  in 
the  water. 

But,  if  we  judge,  that  the  oil  and  falts  which  are  found  in  coffee, 

are  the  parts  wherein  its  virtue  confifls,  and  from  which  we  are  to 

expeft  benefit  to  our  health,  we  {hall  prefer  that  coffee  which  is 

not  over  roafted,  to  that  which  is  more  burnt,  for,  in  the  coffee 

which  I drink,  I always  obferve  a great  quantity  of  oily  particles 

fwimming  on  the  furface,  which  would  not  be  found  there,  if  the 

coffee  were  more  roafted,  for  in  that  cafe  the  oily  particles  are 

more  driven  off  by  the  force  of  the  fire. 

Many  perfons  fay,  that  coffee  is  not  wholefome,  unlefs  it  is  made 

bright  and  clear  before  it  be  drank  ; but  this,  I think,  is  of  no 

confequence,  becaufe  I am  well  convinced  that  the  particles  of 

coffee,  (excepting  the  oil  and  falts,  which  I have  before  mentioned 

to  be  contained  in  it,)  are  of  fo  hard  and  inflexible  a nature,  that 

they  never  can  be  introduced  into  the  fyftem  of  our  bodies. 

* * 
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Ï have  oftentimes  endeavoured  to  bring  coffee  beans  to  a ftate 
of  growth  or  vegetation,  but  herein  I never  could  fueceed  : whe- 
ther this  was,  becaufe  they  had  been  kept  too  long,  or  whether, 
that  at  the  place  of  their  growth,  they  had  been  over  dried,  to 
facilitate  their  exportation  to  diflant  countries,  whereby  the  juices 
which  (hould  have  nourifhed  the  young  plant  were  dried  away, 
I cannot  pretend  to  fay. 

I have  feveral  times  placed  coffee  beans  in  a clean  glafs  under 
water,  without  finding  any  alteration  in  the  colour  of  them  or  of 
the  water,  but  when  they  were  fo  placed  that  part  of  them  was 
above  the  furface  of  the  water,  then  both  the  coffee-beans  and  the 
water  became  of  a grafs  green  colour. 

I formerly  thought  that  thefe  coffee  beans  were  produced  by 
fowing  them  annually  in  the  manner  of  our  peafe  and  beans  in 
Europe,  but  I have  been  lately  informed  by  a Gentleman  who  has 
travelled  in  the  Eaft,  that  they  are  the  feed  or  fruit  of  a tree  which 
grows  to  about  the  fize  of  our  lime  trees. * 

The  coffee-tree  is  a native  of  Arabia,  from  whence  in  the  laft  and  prefent  centuries 
it  has  been  cultivated  both  in  the  Eaft  and  Weft  Indies3  but  the  Mocha  coffee  is  ftiil  in 
the  greateft  eftimation. 


ON  VINEGAR. 


X HAVE  obferved,  that  on  expofmg  a (mall  quantity  of  white 
wine  Vinegar  to  the  air  for  a few  hours,  a vaft  number  of  corpuf- 
cles,  or  fmall  folid  fubftances  appear  in  it,  which  I take  on  myfelf 
to  name  the  Saits  of  Vinegar.  Some  of  thefe  are  reprefented  in 
Plate  V.  Jig.  io;  thofe  at  A appeared  to  terminate  in  a (harp 
point  at  each  end,  having  in  the  middle  a dark  fpot ; others  were 
glittering  like  cryftals,  as  at  B,  and  thefe  were  raoft  in  number ; 
others  of  thefe  corpufcles  were  of  an  oblong  figure,  and  of  a dark 
colour,  with  a lucid  fpot  in  the  middle,  as  at  C ; and  fome  few 
of  an  oval  form  with  an  oval  bright  fpot  in  the  middle,  as  at  D. 
Among  the  figures  A,  B,  D,  I was  convinced  that  I faw  feveral 
with  a cavity  or  hollow  in  them,  which  gave  them  the  appearance 
of  being  half  dark  coloured,  and  half  tranfparent.  Others  of  thefe 
falts  or  cryfials  laid  one  on  another  in  clutters,  as  at  E ; and  laftly, 
fome  there  were  with  points  at  one  end  only,  like  half  cryftals, 
as  at  F.  It  is  not  eafy  to  defcribe  the  extreme  minutenefs  of  thefe 
corpufcles,  and  fome  of  them  were  indeed,  fo  fmall  that  they 
almoft  efcaped  the  view  of  the  microfcope* 

All  thefe  particles,  which  I name  the  fait  of  vinegar,  I conclude 
to  be  thofe  parts  of  it  which  excite  on  the  tongue  that  tafte  or 
fenfe  named  acid.  And,  although  they  appeared  to  me,  through 
the  microfcope,  of  the  fhapes  and  fizes  I have  mentioned,  yet 
I concluded  that  they  were  all  compofed  of  ftill  fmaller  par- 
ticles, of  the  fame  fnape,  in  like  manner  as  I have  often  in  our 
common  fea-water,  or  in  water  wherein  common  fait  is  diftolved, 
when  placed  before  a microfcope,  feen  many  particles  mod 
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exaftly  quadrilateral,  or  four-fquare,  but  fo  minute  that  millions 
of  them  were  not  equal  to  a grain  of  fand  ; and  thefe,  while  I 
contemplated  them,  would  increafe  in  fize  ftill  preferving  their 
exaft  fquare  figure.  In  like  manner  I conclude,  that  there  are 
none  of  thefe  (harp  pointed  falts  which  I obferve  in  vinegar,*  but 
are  compofed  of  numbers  of  fmalier  particles  of  fimilar  fhape* 
Having  kept  in  my  parlour  for  about  two  months,  a glafs,  two 
fingers  broad,  with  a frnall  quantity  of  vinegar  in  it,  expofed  to 
the  air,  I obferved,  at  the  end  of  that  time,  numbers  of  faline  par- 
ticles fwimming  on  the  furface,  and,  upon  more  narrowly  examin- 
ing them,  I plainly  difcerned,  what  I had  not  fo  clearly  feen  before, 
that  thefe  faline  particles  had  a kind  of  cavity  in  them,  as  eafily  to 
be  feen,  as  if,  with  the  naked  eye  we  were  to  look  into  a fmail  boat 
or  a Chip,  and  which,  the  longer  the  vinegar  was  buffered  to  hand, 
grew  larger : fome  of  thefe,  with  the  cavity  in  front,  are  rep  re- 
lented at  G,  and  at  H fome  of  the  fame  feen  Tideways.  I alfo 
caufed  a drawing  to  be  made  of  a living  eel,  of  that  fpecies  which 
is  often  found  in  vinegar,  whereof  the  number  I faw  in  this 
liquor  was  very  great ; this  is  fhewn  at  L M;  and  at  N O,  another 
eel  dead,  which  I killed,  on  purpofe  that  the  limner  might  take 
it’s  figure  more  accurately.  Thefe  eels  (which  are  invifible  to  the 
naked  eye)  I caufed  to  be  drawn,  that  by  comparing  them  with 
the  before-mentioned  faline  particles,  the  extreme  minutenefs  of 
thofe  falts  might  be  the  better  conceived,  and  it  fhould  be  under- 
flood,  that  by  far  the  greater  part  of  thefe  falts  could  not  be  dif- 
covered  by  the  common  microfcope,  which  made  the  eels  vifible. 
I am  alfo  defirous  to  convince  thofe  of  their  error,  who  imagine, 
that  the  acid  tafte  of  vinegar,  arifes  from  the  pungency,  or  (harp 
fenfation,  which  thefe  eels  are  fuppofed  to  excite  on  our  tongues, 
by  their  pointed  tails  ; for,  were  this  the  cafe,  many  forts  of  vine- 
gar would  be  taftelefs,  becaufe  none  of  the  eels  are  to  be  found  in 
them  ; and  in  winter  time,  vinegar  would  become  vapid,  or  lofe  it  s 
fournefs,  becaufe  thefe  minute  eels  are  killed  by  cold  or  frofh 
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I was  defirous  to  obferve  the  effeft  of  crabs'  eyes  being  infufed 
in  vinegar,  it  being  faid  that  they  abforb  or  take  away  its  fournefs, 
and  I concluded  that  this  mu  ft  be  performed  by  the  acute  falts 
before  mentioned  being  altered  in  figure,  or  rendered  more  foft  or 
flexible,  lo  as  to  lofe  their  pungency  on  the  tongue»  I. took  there- 
fore fome  new  glaftes,  and  after  mixing  in  them  vinegar  with 
crabs5  eyes  broken  in  fmall  pieces,  I found,  that  the  long  pointed 
falts  I have  before  defcribed,  were  altered  to  a kind  of  oblong 
quadrilateral  figure  rifing  in  the  middle  in  form  of  a pyramid, 
limilar  to  a diamond  when  polifhed ; thele  are  reprefented  in  fig9 
10,  at  P,  others  were  exaftly  fquare,  as  at  O,  and  others  of  the 
fhape  reprefented  at  R.  But  it  is  to  be  noted,  that  thefe  particles 
bore  no  proportion  in  point  of  fize  to  the  faline  particles  in  com- 
mon vinegar,  for  thefe  laft  were  drawn  from  much  deeper  mag- 
nifiers, without  the  help  of  which,  I could  not  have  difcovered 
their  fhapes.  And,  what  I particularly  wondered  at  was,  that  thefe 
faline  particles  were  almoft  all  of  the  fame  fize,  which  I never 
obferved  in  any  other  fpecies  of  falts.  After  the  effervefcence 
produced  by  the  mixture  of  the  vinegar  and  crabs5  eyes  was  fub- 
fided,  I drank  about  a third  part  of  a thimble  full  of  the  vinegar, 
and  found  that  it  had  no  acid  tafte,  but  a bitternefs,  fo  difgufting* 
as  almoft  to  occafion  a naufea  or  ficknefs. 

I have  alfo  pounded  white  chalk  and  mixed  it  with  vinegar, 
and  I found  that  it  produced  the  fame  effervefcence  as  the  crabs' 
eyes,  and  the  fame  change  of  figure  in  the  faline  particles,  and  that 
it  alfo  took  away  all  the  acid  tafte  ol  the  vinegar* 


OF  THE  SCORPION, 


♦ 


The  Direftors  of  the  Eaft  India  Company  in  Delft*  having  fent 
to  me  a living  Indian  Scorpion*  I put  it  into  a long  and  wide 
glafs  tube,  flopped  at  the  ends  with  cork,  though  not  quite  clofe ; 
and  I prefumed  that*  on  account  of  the  coldnefs  of  the  glafs,  the 
Scorpion  would  place  itfelf  on  the  cork*  and  fo  be  preferved 
longer  alive ; and  I occafionaliy  put  it  into  a thinner  glafs  tube, 
in  order,  as  far  as  I was  able*  to  examine  it  by  the  microfcope, 

I firfl  made  my  obfervations  on  its  legs,  the  fifth  joint  of  which, 
from  the  body,  being  very  tranfparent,  I there  plainly  perceived 
the  blood  running  in  an  artery  towards  the  extremity  of  the  foot; 
which  artery,  I judged  to  be  the  fize  of  an  hair  of  ones  head, 
and  clofe  befide  it,  the  blood  was  returning  in  a vein  of  the  fame 
thicknefs.  Thefe  two  veffels  I deemed  to  be  the  principal  blood- 
veffels  in  that  limb,  and,  though  I was  well  affured,  that  there  were 
many  fmali  branches  through  which  the  blood  was  conveyed  out 
of  the  artery  into  the  vein,  and  thus  the  circulation  was  com- 
pleated,  yet  I could  not  get  a fight  of  thofe  minute  veffels. 

The  blood  of  this  creature  not  being  of  a red  colour,  it  may  be 
ranked  among  thofe  animals,  which  the  ancients  named  exfangues, 
or  bloodiefs. 

I faw  that  this  Scorpion  had  two  black  eyes;  placed,  not  at  the 
extremity  of  the  head,  as  we  obferve  in  many  fmali  animals,  by 
which  they  difcover  objefts  on  both  fides  of  them  ; but  thefe  two 
eyes  flood  about  the  eighth  part  of  an  inch  towards  the  back 
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part  of  its  head,  and  feemed  defigned  for  the  view  of  obje£ls 
upwards.  And  I difcovered,  on  each  fide  of  the  head,  three  other 
eyes,  only  an  eighth  part  the  fize  of  the  before-mentioned  ones* 
placed  in  regular  order  befide  each  other,  fo  that  thefe  creatures 
are  provided  with  eight  eyes  ; and,  as  the  two  eyes  on  the  top  of 
the^head  are  only  fitted  to  look  upwards,  fo,  thefe  eyes  placed  on 
the  fides,  are  calculated  to  fupply  the  defeat  of  the  former  ones. 
And  herein  we  fee,  with  how  much  perfe£tion  and  provident  fore- 
fight, every  creature,  however  difgufting  it  may  be  to  us,  is  formed 
by  Nature ; and  that  none  of  iuch  creatures  have  ever  proceeded 
from  corruption,  as  forne  men  have  imagined,  but  have  been 
produced  by  their  like  ever  fince  the  Creation. 

I put  two  living  flies  into  the  glafs  with  this  Scorpion,  in  order 
to  fee  whether  it  would  feize  them  as  its  prey  ; but  they  appeared 
not  at  all  frightened  at  the  Scorpion,  even  fitting  upon  its  body, 
and  the  Scorpion  was  equally  indifferent,  and  did  not  move  itfelf 
on  account  of  the  flies.  I afterwards  put  a fmall  ’lizard,  newt  or 
eft;  and  likewife  a fpider  and  a fly  at  the  fame  time  into  the  glafs 
with  the  Scorpion;  but  it  appeared  equally  indifferent  to  them 
all ; and  after  I had  kept  it  by  me  almoft  three  months,  in  which 
time  it  had  not  taken  any  food,  it  died. 

As  foon  as  I perceived  that  the  Scorpion  was  dead,  I took  a pair 
of  fmall  forceps,  and  laid  hold  on  that  part  in  which  I was  per- 
fuaded  the  poifon  was  depofited,  and  brought  the  fling  before  the 
microfcope,  then,  by  a little  compreflion  of  the  forceps,  I caufed 
the  poifonous  matter  to  iffue  forth,  which  might  be  thought  to 
be  emitted  at  the  very  extremity  of  the  fling,  but  upon  examining 
the  fling  by  the  microfcope,  I found  that  on  each  fide  of  it,  near 
the  point,  was  a fmall  aperture. 

I have  caufed  a drawing  to  be  made  of  this  Scorpion,  in  order 
to  explain  the  nature  of  its  fling. 

Plate  V.  fig.  ii,  reprefents  the  Scorpion  itfelf,  and  at  A,  is  the 
fling,  which  the  animal,  whether  in  motion  or  at  refl,  always 


carries  with  its  tail  bent,  or  turned  inwards,  in  order,  moft  pro- 
bably, to  preferve  the  fling  from  any  injury  it  might  fuftain  by 
the  blunting  of  the  point,  or  otherwife. 

Fig.  12,  FGHI,  reprefents  the  fling,  as  feen  through  the  mi- 
crofcope,  and,  between  the  letters  G and  H,  may  be  feen  the 
aperture  which  the  fling  has,  on  one  fide,  and  Jig,  23,  RLMN, 
reprefents  the  other  fide  of  the  fling  where  the  fame  aperture  is 
to  be  obferved  between  the  letters  L M. 

It  mu  ft  here  be  noted,  that  the  prominent  part  which  is  feen 
in  figs.  12  and  13,  at  letter  X,  is  not  to  be  taken  for  a fecond 
fling,  for  in  my  opinion  it  ferves  only  as  a bafe  or  fupport,  to  be 
fixed  on  the  fkin,  in  order  that  by  its  help,  the  fling  may  be  thru  ft 
in  with  greater  force. 

Upon  reflefting  frequently  on  the  make  of  this  fling,  I confm 
dered  with  myfelf,  that,  if  the  above  mentioned  aperture  had  been 
at  the  very  extremity,  the  fling  could  not  fo  eafily  have  been 
made  to  pierce  the  fkin:  I alfo  thought,  that  the  Scorpion  has  not 
power  to  expel  the  poifon,  but  that  when  the  fling  enters  the 
flefh,  then  the  fides  of  the  oblong  cavity  in  it  (which  is  feen  in 
the  figs.  12  and  13,  between  the  letters  G H and  L M)  are,  by  the 
preffure  on  the  fling  in  its  entrance  (in  regard  the  inner  parts  of 
this  cavity  are  of  a foft  and  yielding  nature)  forced  inwards,  and 
by  that  means  the  poifon  within  the  fling  is  driven  out.  Now, 
if  the  Scorpion  had  power  to  ejefl  its  venom,  I imagine  that  it 
would  not  flrike  at  any  objeft  whatever  with  its  fling,  without  at 
the  fame  time  emitting  forne  of  the  venom  ; but  as  this  is  not 
obferved  to  be  the  cafe,  we  mu  ft  conclude,  that  the  poifon  is 
kept  within  the  fling,  until,  by  the  force  applied  in  piercing  the 
fkin  or  flefh,  the  poifon  is  driven  out,  and  there  it  will  exert 
its  full  force  upon  the  juices  of  the  wounded  part. 

The  liquid  matter,  or  poifon,  which  I before  mentioned  to  have 
extracted  from  the  fling  by  preffure  (though  it  was  in  a very 
[mail  quantity)  I put  into  a clean  glafs,  which  l prepared  on 
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purpofe,  in  order,  if  poflible,  to  difcover  the  faline  particles 
contained  in  it,  which  alone,  as  it  feems  probable,  do  render  this 
liquid,  poifonous  in  fo  great  a degree ; but,  with  all  my  attention, 
I could  not  perceive  any  thing  in  it  particularly  worthy  of  noting. 

This  liquid,  being  in  a very  (mall  quantity,  and  alfo  being 
fpread  very  thin,  in  a fhort  time,  all  the  moifture  of  it  was  evapo- 
rated, leaving  a kind  of  thick  gummy  matter,  mixed  with  various 
different  particles,  to  which  I could  not  affign  any  particular 
figure.  Hereupon,  I,  without  lofs  of  time,  made  a punfture  on  my 
finger  with  a needle,  and  applied  a fmall  portion  of  the  blood 
which  iffued  from  the  part,  to  this  poifonous  fubftance,  in  order 
to  fee,  whether  the  blood  would  undergo  any  alteration  by  the 
mixture.  But,  nothing  of  that  kind  appeared,  for  I could  not 
difcern  any  difference  between  the  blood  which  was  placed  on 
the  poifon,  and  that  which  lay  near  it. 

The  next  morning,  I differed  the  tail  of  this  Scorpion,  and, 
from  each  joint,  I took  out  two  flefhy  mufcles,  of  a very  white 
colour,  each  of  which  was  compofed  of  a great  number  of  very 
fmall  oblong  particles,  terminating  at  the  extremity  of  the  mufcle 
where  it  grew  fm aller;  thus  forming  the  tendon  : on  one  of  thefe 
mufcles  was  a kind  of  veffel,  fhaped  in  the  middle  like  a bladder, 
and  this,  I concluded,  was  deflined  to  convey  the  poifon  to  the 
extremity  of  the  talk  Thefe  flefhy  mufcles,  were  furnifhed  with 
annular  parts,  or  rings,  ferving  to  extend  and  contraft  the  mufcle. 

Thofe  eyes  which  were  fituated  on  the  upper  part  of  the  head, 
I placed  before  the  microfcope,  whereby  I faw  how  perfeftly  the 
tunica  cornea,  or  horny  coat  of  the  eye  was  formed  ; for,  through 
it  I could  fee  all  the  furrounding  objefts  (though  wondefully  di- 
minifhed)  fo  diftinftly,  that  I could  not  contemplate  the  fpe&acle 
without  admiration  ; but  this  pleafing  fight  was  not  of  long  conti- 
nuance, for  the  tunica  cornea  foon  dried  and  fhrivelled  up. 

Upon  opening  the  belly,  I could  not  form  any  judgment  of  the 
inteflines,  by  reafon  that  they  had  begun  to  decay,  except  that  I 
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found  twelve  eggs*  each  about  the  fize  of  a grain  of  millet*  of  a 
yellow  colour,  and  in  fhape  not  unlike  a lemon. 

In  the  fore  part  of  the  head,  and  juft  in  front  of  the  mouth*  I 
obferved  two  teeth,  each  fixed  on  a fhort  joint,  and  they  are  ufed, 
as  I imagine,  by  the  Scorpion,  to  grind  its  food,  before  it  is  taken 
into  the  mouth.  Thefe  I feparated  from  the  head,  and  found  each 
to  confift  of  a three-fold  tooth,  one  of  which  was  fo  made,  as  to  fit 
exafily  the  cavity  between  the  two  oppofite  ones.  And,  to  fhew 
the  ftrength  of  thefe  teeth,  I caufed  a drawing  to  be  made  of  one 
of  them.  Fig . 14,  O P Q R,  is  this  tooth,  or  more  properly  this 
three-fold  tooth,  and  on  it,  at  P,  are  to  be  feen  forne  hairs  ; the 
legs  of  this  creature  are  alfo  covered  with  hairs, 

I alfo  placed  before  the  microfcope  one  of  the  claws,  which  are 
like  thofe  of  crabs  or  lobfters,  and  in  Jig.  11,  are  to  be  feen  at 
C or  LI  And  I caufed  a drawing  of  this  claw  to  be  made,  in 
order  to  fhew  the  curious  formation  of  it*  Fig . 15,  S T,  is 
the  claw,  magnified,  and  on  it  are  plainly  to  be  feen  a great 
number  of  teeth  or  notches,  like  thofe  of  a law,  fome  of  them 
larger  than  others,  and  which  faw-like  teeth,  I doubt  not  are  fo 
formed  for  enabling  the  Scorpion  firmly  to  hold  fuch  fmall  living 
creatures  as  it  catches  for  its  prey. 

Seeing  now,  the  wonderful  make  of  this  animal,  though  to  us 
it  is  fo  deteftable,  and  indeed  fo  noxious ; and,  considering  the 
perfeci  wifdom  requifite  for  the  contrivance  of  its  feveral 
parts,  we  have  furely  ten  thou  land  times  more  reafon  to  believe 
that  its  origin  is  derived  from  thofe  which  were  created  at 
the  Beginning,  than  to  adhere  to  the  chi  marras  and  errors  of  the 
ancients,  fome  of  whom  have  tranfmitted  to  us  in  their  writings, 
the  notion,  that  Scorpions  are  not  produced  by  generation,  but 
from  the  great  heat  of  the  fun  ; others,  that  they  are  bred  from 
putrefaclion  in  the  bodies  of  crocodiles ; and  others  again,  that 
they  are  generated  in  rotten  wood,  and  fuch  like  fiftions. 
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ADDITION,  BY  THE  TRANSLATOR. 


It  may  not  be  unacceptable  to  the  Pleader,  to  fubjoin  a quotation  from 
Dr.  Mead’s  celebrated  Effity  on  Poifons,  and  the  rather,  as  the  fentiments  of  our 
Author,  in  regard  to  the  nature  of  the  Scorpion’s  poifon,  are  exadtly  fimilar  to 
thofe  of  the  Doftor’s,  when  treating  of  that  emitted  from  the  Viper’s  fangs; 
which  animal,  being  much  larger  than  the  Scorpion,  might  afford  Dr.  Mead  a 
better  opportunity  of  inveftigating  the  nature  of  this  fubftance,  than  Mr.  Leeu- 
wenhoek could  have,  in  the  very  fmall  quantity  which  he  colleEed  from  the 
Scorpion’s  fling : and,  as  we  fee  that  the  operations  of  Nature  are  performed 
with  the  greateft  uniformity  in  cafes  which  are  analogous,  it  may  fairly  be 
concluded,  that  what  Dr.  Mead  has  faid,  refpefting  the  Viper’s  venom,  may  be 
applied  to  that  of  the  Scorpion,  and  of  more  minute  noxious  animals. 

Dr.  Mead  expreffes  himfelf  on  this  fubjeft,  in  the  following  words: 

4 This  venomous  juice  itfelf  is  of  fo  inconfiderable  a quantity,  that  it  is  no 
c more  than  one  good  drop  that  does  the  execution.  And  for  this  reafon, 
4 authors  have  contented  themfelves  with  trials  of  the  bite  upon  feveral  animals, 
4 never  effaying  to  examine  the  texture  and  make  of  the  liquor  itfelf  : for 
4 which  purpofe,  I have  oftentimes,  by  holding  a Viper  advantageoufiy,  and 
c enraging  it  till  it  ftruck  out  its  teeth,  made  it  bite  upon  fo  me  what  folid,  fo  as 
4 to  void  its  poifon;  which,  carefully  putting  upon  a glafs  plate,  I have  with  a 
4 microfcope,  as  nicely  as  I could,  viewed  its  parts  and  compofiuon, 

6 Upon  the  fir  ft  fight,  I could  difcover  nothing,  but  a parcel  of  fmall  falts 
6 nimbly  floating  in  the  liquor;  but  in  a very  fhort  time,  the  appearance  was 
4 changed,  and  thefe  faline  particles  were  now  fhot  out,  as  it  were,  into  cryftals 
4 of  an  incredible  tenuity  and  fharpnefs,  with  fomething  like  knots  here  and 
4 there,  from  which  they  feemed  to  proceed  : fo  that  the  whole  texture  did  in 
4 a manner  reprefent  a fpider’s  web,  though  infinitely  finer,  and  more  minute  ; 
4 and  yet  withal,  fo  rigid  were  thefe  pellucid  fpicula,  or  darts,  that  they 
4 remained  unaltered  upon  my  glafs  for  feveral  months.* 

4 I have  tried  feveral  ways  to  find  out,  if  1 could,  under  what  tribe  of  falts 
4 thefe  cryftals  are  to  be  ranged,  and  to  difcover  what  alterations  they  make  in 
4 the  blood  : and,  not  without  fome  difficulty,  by  reafon  of  the  minute  quantity 
4 of  the  liquor,  and  the  hazard  of  experiments  of  this  kind,  fome  curious 
* friends,  and  myfelf  together,  made  the  following  obfervations : 

* A reprefentation  of  this,  taken  from  Dr.  Mead’s  work,  is  given  in  Plate  V.  fig*  i6* 
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6 About  half  an  ounce  of  human  blood  received  into  a warm  glafs3  in  which 
4 were  five  or  fix  grains  of  the  viperine  poifon  newly  ejefled,  was  not  vifibly 
4 altered  either  in  colour  or  confidence : it  then  was5  and  remained  undiflin- 
6 guifhable  from  the  fame  blood,  taken  into  another  glafs  in  which  was  no 
6 poifon  at  all. 

4 Thefe  portions  ol  blood  were  feverally  mixed  with  acids  and  alkalis : the 
* empoifoned  blood  was,  after  fuch  mixtures,  of  the  fame  colour  and  confift- 
4 ence  as  the  other. 

4 Spirit  of  nitre,  fpirit  of  fait,  and  juice  of  lemons,  feverally  poured  upon 
4 the  fanies  itfelf,  produced  neither  fermentation,  nor  any  change  of  colour, 

4 Salt  of  tartar  run  per  deliquium,  and  the  fimple  fpirit  of  hartfhorn,  dropped 
s upon  the  venom,  neither  altered  its  colour,  nor  raifed  any  ebullition, 

4 Syrup  of  violets  mixed  with  the  poifon  did  not  change  its  colour  either  to 
4 red  or  green. 

4 The  tinflure  of  heliotropium,  that  is,  blue  paper,  was  not  altered  by  the 
4 fanies  ejefled  upon  it;  and  this,  drying,  {till  retained  its  yellowifh  colour» 

c We  caufed  feveral  animals,  dogs,  cats  and  pigeons,  to  be  bit  by  an  enraged 
c Viper  i which  generally  died,  fome  in  a longer,  others  in  a fhorter  fpace  of 
4 time.  But  we  conftantly  obferved,  that  they  all,  immediately  upon  the  bite, 
« fhewed  with  fig  ns  of  acute  pain,  marks  of  their  life  being  affedted,  by 
4 ficknefs,  faintings,  cohvulfions,  See. 

4 The  head  of  a large  Viper  lay  three  hours  after  it  was  cut  off ; it  was  per* 
4 fedtiy  flaccid  and  without  motion.  A pigeon,  wounded  upon  the  breaft  with 
4 the  fangs  of  this  head,  was  prefently  convulfed,  &c.  as  from  the  bite  of  the 
4 animal,  and  died  in  feven  hours. 

4 We  contrived  a fliarp  fleel  needle  to  be  made,  crooked,  in  fhape  not  un- 
4 like  to  the  Vipers  tooth,  with  a fulcus  or  hollow  on  the  convex  part,  not  far 
4 from  the  point : into  this,  we  put  a drop  of  the  venom,  and  with  it  wounded 
4 the  nofe  of  a young  dog.  It  produced  the  ufual  diforders  of  vomiting,  purg* 

4 ing,  Sc c.  but  in  a lefs  degree,  and  the  dog  recovered.  It  was  remarkable, 

4 that  upon  making  the  wound  the  dog  cried  but  little,  till  the  poifon  came 
4 into  it;  but  then  he  howled,  See.  in  the  fame  manner  as  if  bit  by  the  Viper 
4 itfelf.  But  a pigeon  pricked  in  the  fleftiy  part  of  the  breaft,  by  the  fame 
4 poifoned  needle,  fuffered  as,  from  the  bite,  and  died  in  about  eight  hours. 

4 We  refolved  to  end  our  poifon-inquiries  by  tailing  the  venomous  liquor. 

4 Accordingly,  having  diluted  a quantity  of  it  with  a very  little  warm  water, 

4 feveral  of  us  ventured  to' put  fome  of  it  upon  the  tip  of  our  tongues.  We  all 
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4 agreed,  that  it  tailed  very  fharp  and  fiery,  as  if  the  tongue  had  been  firuck 
4 through  with  fomething  fcalding  or  burning»  This  fenfation  went  not  off  in 
c two  or  three  hours5  and  one  gentleman,  who  would  not  be  fadsfied  without 
4 trying  a large  drop  undiluted,  found  his  tongue  fwelled,  with  a little  inflam-  . 
4 rnation,  and  the  forenefs  lafted  two  days  $ but  neither  his,  nor  our  boldnefs 
4 was  attended  with  any  ill  confequence. 

c This  is  no  objeélion  to  the  hurtful  quality  of  this  juice  : for,  as  fome  chy- 
« mica!  liquors  ferment  with  others  of  a certain  kind  only,  fo  thefe  poifonous 
4 falts  may  affefl  one  fluid  of  the  body,  and  not  another ; it  is  fufficient  to  the 
4 prefent  purpofe  to  fay,  that  the  faline  fpicula  are  broken  and  diffolved  in  the 
4 mouth  by  the  clammy  falival  humour  : and  if  any  of  them  fhould  pafs  thence 

4 into  the  ftomach  and  inteftines,  the  balfam  of  the  bile  will  be  an  antidote 

5 there,  powerful  enough  to  overcome  their  force. 

4 Thefe  experiments  upon  the  Viper  poifon  and  the  blood,  are  a fufficient 
4 confirmation,  that  the  nervous  liquor  only  is  affe&ed  by  this  venom  $ and  at 
4 the  fame  time  afford  a convincing  proof,  how  much  thofe  fcanty  principles  of 
4 our  chymifts,  acid  and  alcali,  fall  ffiort  in  explaining  the  actions  of  natural 

g bodies ; fince  neither  of  thefe  falts,  could  in  any  way  be  found  to  affebl  the 
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*■  viperine  venom. 

Mechanical  Account  of  Poifons,  p.  1 4,  & feq.  Ed.  1747. 

The  Doctor's  Effay  on  the  Nervous  Fluid  and  the  manner  in  which  it  is 
affefled  by  animal  poifons,  is  too  long  to  infert  in  this  place,  but  the  Reader 
will  find  it  in  the  Introduflion  to  the  work  from  which  the  preceding  paffage  is 
taken ; that  is  to  fay,  in  the  later  editions,  for  it  is  not  to  be  found  in  the  firft, 
printed  1702. 
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Of  the  Oak-gall,  or  Gall-nut  ;*  that  it  is  not  a fruit,  but  an  excrefcence 
- produced  on  the  leaves  of  the  oak , by  means,  of  an  inf  eft  ; the  manner 
of  its  formation  particularly  defer ibed.  A fimilar  excrefcence  produced 
in  like  manner  on  the  Thiflle* 

"While  I was  employed  in  the  fummer  feafon,  to  colled 
acorns  from  the  oak,  in  order  to  examine  the  beginning  plant  in 
that  feed,  I faw  with  furprize,  that  the  gall-nuts  were  produced 
upon  the  leaves  of  the  trees.  This  feemed  the  more  extraordi- 
nary, becaufe  I had  fuppofed  that  they  were  the  fruit  of  the  tree, 
but  now  I found,  that  they  were  occafionally,  or  accidentally  pro- 
duced on  the  leaves  of  the  oak,  I was  convinced  of  this,  partly, 
becaufe  I faw  but  a few  leaves  here  and  there  with  gall-nuts  on 

o 

them,  (in  forne  of  which  I found  four,  five,  and  even  fix  galls) 
and  in  others  I could  not  find  a fingle  one  ; and  in  the  next 
place,  becaufe  I faw,  that  thefe  galls  were  formed  upon  the  large 
fibres,  or  vefTels  in  the  leaves,  which  were  burfl  or  broken,  in 
the  places  where  the  galls  were  formed  ; fo  that  I concluded  that 
fome  infeft  had  wounded  or  gnawed  thofe  vefTels,  and  that  the 
juices  of  the  tree,  flowing  out  of  the  wounded  part,  had  extended 
themfelves  in  globules  and  vefTels,  and  thus,  as  length  caufed  the 
formation  of  the  gall-nut. 

O 


This  is  a literal  tranflatiqn  of  the  Dutch  word  Galnoot , rifed  by  the  Author;  in  the 
Latin  tranfiation  it  is  Galla , which  Ainfworth  renders  ‘ a fruit  called  gall,  or  oak-apple;' 
but  this  is  a mi  flake,  lor  the  oak-apple  is  not  the  gall,  nor  is  it  formed  on  the  leaves  of  the 
tree,  but  at  the  ends  of  the  fmall  twigs  ; and  it  is  produced,  not  by  a fiiio-le  infe£L  but  by 
a great  number  colleDed  together,  and  thofe  of  a different  fpecies  from  the  info  ft  found 
in  the  gall-nut. 
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On  my  return  home,  I examined  thefe  gall-nuts  more  accurately, 
and  found  that  each  of  them  had  a cavity  in  the  middle,  wherein 
lay  a living  white  worm,  which  had  very  little  motion  : it  was 
thick,  in  proportion  to  its  length,  and  lay  bent  in  a circular  form, 
the  body  of  it  confiding  of  thirteen  or  fourteen  rings,  as  we  fee 
{ilk-worms  and  caterpillars,  and  thefe  covered  with  pointed  hairs. 

It  feemed  to  me  worthy  of  obfervation,  that,  from  this 
time,  I obferved  thefe  worms,  or  maggots,  continue  alive  to  the 
end  of  December  ; and  that,  in  gall-nuts  which  I had  gathered  in 
the  dimmer,  and  which  were  fo  dried,  that  I thought  they  were 
fhrunk  to  half  their  former  fize;  whereupon  I concluded  that  the 
worms,  for  want  of  fufficient  nourifhment,  had  not  arrived  at  their 
full  growth,  fo  as  to  be  changed  into  flies,  and  had  only  been 
fupplied  with  food  fufficient  to  keep  them  alive.  But,  when  they 
had  grown  to  be  fo  me  what  larger  than  a great  pin  s head,  then 
I law  the  eyes  beginning  to  be  formed,  which  were  of  a black 
colour. 

After  this,  I went  occafionally  into  the  wood  at  the  Hague,  in 
order  to  purine  my  {peculations,  and  obferved  that  thefe  worms 
were  changing  into  flies  ; for,  I not  only  could  fee  their  eyes  per- 
feftly  formed,  but  I alfo  could  difeern  plainly  their  horns  and 
feet,  and  the  hind  part  of  their  bodies.  This  infefi  then  lay  with- 
out any  motion  that  I could  perceive,  with  its  feet,  fix  in  number^ 
and  its  two  horns  lying  in  regular  order  clofe  to  its  body,  in  like 
manner  as  we  fee  in  the  aurelia  of  the  filk-worm,  before  it  comes 
out  of  its  ffiell,  or  covering,  but  in  this  animalcule  I did  not 
then  obferve  any  fuch  cafe  or  covering;  but  only  the  ffiape  of  a 
fmail  fly  without  wings,  the  hind  part  of  its  body  of  a round  form 
and  of  a Aiming  black  colour,  and  which  in  a fliort  time  was 
provided  with  two  larger  and  two  fmaller  wings  : and  I after- 
wards found  that  thefe  aurelias  had  a thin  covering,  which 
enclofed  the  body,  but  not  the  feet. 

From  thefe  my  obfervations,  I concluded,  that  thefe  animalcules 
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were  thus  produced,  namely,  by  the  before-mentioned  kind  of 
fly,  laying  its  eggs  on  the  leaves  of  the  oak,  where,  when  the 
young  maggot  is  hatched,  it  bites  or  pierces  the  veflels  of  the  leaf, 
fo  that  the  juices  flow  out,  and  are  hardened  into  globules,  fpread- 
ing  themfelves,  at  the  fame  time,  in  a circular  form  like  veflels, 
and  thus  produce  what  is  called  the  gall-nut,  and  which  juices, 
while  hardening,  do  inclofe  the  maggot  in  the  middle. 

This  newly-formed  gall-nut  fup plies  the  animal  with  food, 
for  it  eats  away  the  fubftance  of  the  nut  by  little  and  little,  round 
about  itfelf,  whence  proceeds  the  cavity  we  find  in  the  middle  of 
thefe  galls,  and  which  cavity  grows  larger,  as  the  animal  increafes 
in  fize.  And  it  feerns  to  me,  that  unlefs  fome  of  the  large  veflels 
in  the  leaves  were  injured  or  perforated  by  one  of  the  maggots 
I have  defcribed,  there  could  not  be  any  gall-nut  formed,  for  in 
every  nut  which  I opened,  1 conflantly  found  a maggot  (though 
in  an  hundred  fuch  nuts,  I found  but  two  which  contained  more 
than  one)  and  this,  though  one  gall-nut  was  fixty  times  the  fize 
of  another. 

It  is  however  to  be  noted,  that  the  wounding  or  biting  the 
large  veffels  in  the  leaves,  does  not  conflantly  produce  a gall- 
nut  ; for  this  is  only  formed,  where  a fufficient  quantity  of  the 
juices  ifliies  from  the  opened  veflels ; to  this  alfo,  the  heat  contri- 
butes much,  by  condenfing  or  thickening  the  juice  ; and  hereupon 
it  is  my  opinion,  that  where  thefe  veflels  are  opened  in  the  morn- 
ing, galls  will  more  eafiiy  be  formed  than  when  it  happens  in  the 
evening ; for  I faw  on  thofe  leaves  on  which  were  gall-nuts,  and 
alfo  on  thofe  where  none  were  to  be  feen,  the  leaves  and  veffels 
much  eaten  into,  and  the  veffels  pierced  through,  and  yet,  not  the 
Jeaft  appearance  of  the  formation  of  a nut  on  the  place.  Farther, 
I concluded,  that  many  of  thefe  maggots  get  their  fuftenance 
from  the  leaves  without  piercing  the  large  , veffels,  for  in  many 
places  I faw  the  leaves  eaten  away  and  in  holes. 

In  further  profecuting  my  enquiries  on  this  fubjefl,  I found 
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that  the  bell  fort  of  gall-nuts  which  are  ufed  in  this  country,  are 
brought  from  Aleppo*  Hereupon  I confulted  Taverniers  Tra- 
vels, to  fee  what  he  fays  on  this  fubjeft ; and  I found,  that  in  his 
third  book,  when  (peaking  of  his  journey  to  Aleppo,  he  fays, ‘ the 
y hills  are  covered  with  oaks  bearing  the  gall-nut,  and  fome 
' of  them,  befides  gall-nuts,  alfo  produce  acorns/  But,  after 
the  preceding  obfervations,  we  are  not  to  wonder,  that  the  fame 
oak  will  produce  both  galls  and  acorns,  fince  nothing  more  is 
wanting  for  the  production  of  a gall-nut,  than  inch  a flv  as  I have 
mentioned,  from  the  eggs  of  which,  worms  fhall  proceed,  which 
feed  upon  the  leaves  of  the  oak. 

To  fatisfy  myfelf  more  fully  in  this  particular,  I examined 
feveral  of  thole  gall-nuts  which  are  imported  to  us,  and  are  much 
ufed  by  dyers  ; and  in  fome  of  them  I found  a dead  fly,  of  the 
fame  fhape  with  thofe  found  in  the  galls  of  this  country,  and  in 
others,  only  a cavity  in  the  middle,  with  a round  hole  reaching 
from  that  cavity  to  the  furface  of  the  nut,  and  in  the  cavity  a kind 
of  duff,  which  I imagined  to  have  been  the  excrements  of  the 
worm  while  it  was  in  the  nut.  And  I found  upon  farther  profe- 
cuting  my  obfervations  on  the  galls  which  I gathered  from  the 
trees  here,  that  not  only  the  maggot  is  able  to  gnaw  the  fubftance 
of  the  nut ; but  alfo,  that  the  fly  has  power  to  perforate  it,  to  open 
a paffage  for  itfelf,  though  I do  not  think  that  the  fly  ufes  the  fub- 
fiance  of  the  nut  for  food. 

In  others  of  thefe  Aleppo  galls,  I faw  no  appearance  of  any 
living  creature  having  been  inclofed ; the  reafon  of  which  I 
concluded  to  be,  fir  ft,  the  maggot  in  our  gall-nut,  even  when  of 
its  perfeci  fizc,  is  very  tender,  and  crufhed  with  the  lea f f touch, 
and  contains  nothing  in  it,  but  a whitifh  fluid  fubftance,  fo  that  if 
a maggot  happens  to  die  in  the  nut,  whether  from  the  juices 
being  too  acrid,  or  the  nut  too  hard,  in  fuch  cafe,  the  fubftance 
of  the  worm  may  fo  dry  away,  as  to  leave  no  traces  behind  it. 
In  the  next  place,  a maggot,  when  grown  to  a confiderable  fize, 
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may  pierce  a large  veffel  in  the  leaf,  and  afterwards  (hi ft  itfelf  to 
another  place,  and  out  of  the  large  veffel  fo  wounded.,  a gall-nut 
may  be  produced  without  any  maggot  in  it.  The  gall-nuts 
which  are  formed  without  any  infefls  in  them,  are  generally  the 
heavier!,  by  reafon  that  they  have  not  any  cavity  made  in  their 
infides. 

With  regard  to  my  preceding  obfervations  on  this  fpecies  of 
fly,  I was  the  more  confirmed  in  my  opinion,  upon  recolle&ion 
of  what  I have  obferved  of  the  like  kind  in  divers  trees,  and  par- 
ticularly the  willow;  on  the  leaves  of  which  I have  feen  certain 
green  tubercles  or  fwellings,  on  opening  which  I have  found 
animalcules  within  them,  fome  of  which  were  alive,  and  others 
dead;  all  which  I doubted  not  were  produced  by  maggots  hatched 
from  the  eggs  of  the  flies  of  the  fame  fpecies  as  thofe  which 
I had  found  in  fuch  tumors  or  fwellings.  For  it  is  with  me  an 
eftablifhed  principle,  that  no  living  animal,  whether  worm,  fly, 
gnat,  or  mite,  can  be  produced  from  the  mere  juice  or  leaf  of  any 
tree  or  plant,  nor  from  corrupted  or  decayed  lubftances. 

1 have  caufed  a drawing  to  be  made  of  thefe  galls,  as  they  grow 
or  are  produced  on  the  leaves  ; and  in  Plate  V.  jig.  17,  AB  CD, 
is  reprefented  an  oak  leaf,  with  that  fide  upwards,  which,  when  on 
the  tree  is  undermoft ; for  I never  faw  any  of  thefe  galls  on  the 
upper  fide  of  the  leaf;  the  reafon  of  which  I take  to  be,  that  if 
the  maggot  was  placed  on  the  upper  fide,  and  expofed  to  the  fun's 
heat  but  for  a fhort  time,  it  would,  by  reafon  of  its  fmallnefs,  be 
dried  up  and  peri  flu  On  this  leaf  are  feen  two  large  galls,  and 
two  Dataller  ones,  at  the  letters  E,  F,  G,  H. 

Fig.  18,  18,  exhibit  a gall-nut  cut  in  half,  wherein,  at  M,  N, 
appears  the  cavity,  in  which  the  maggot  lay  ; fome  of  thefe 
maggots,  of  different  fizes,  are  {hewn  at  L K,  L,  M. 

Fig.  10,  {hews  one  half  of  a gall-nut,  with  the  fly  in  it,  which  has 
.opened  to  itfelf  a paffage  from  the  cavity  as  far  as  the  furface  of 
the  nut,  and  at  jig.  20,  is  the  other  half,  exhibiting  the  cavity  in 
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the  center,  formed  by  the  maggot,  and  the  perforation  to  the  cir- 
cumference made  by  the  fly. 

Fig.  21,  is  the  fly  bred  in  this  gall-nut,  whofe  body  is  not  quite 
fo  large  as  reprefented  in  this  figure,  but  the  wings  are  of  the 
fame  fize  as  they  appear  here. 

After  thefe  obfervations,  in  the  month  of  January,  I again  went 
in  fearch  of  gall-nuts,  upon  the  leaves  of  the  young  oaks,  and 
thofe  which  hung  near  the  ground  ; and  I found  a great  number 
of  them,  although  the  leaves  were  very  much  dried  : in  many  of 
thefe  galls  I faw  the  perforation  through  which  the  fly  had  iffued ; 
in  others  of  them  1 found  living  flies  ; and  in  others,  living  mag- 
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Some  of  thefe  galls  I placed  in  my  clofet,  and  opened  them  at. 
different  intervals  of  time,  and  i always  found  either  the  maggot 
in  them  alive,  or  a hole,  through  which  the  fly  had  iffued  : ten 
of  thefe  1 kept  till  the  end  of  April,  and  upon  opening  them,  1 
found  them  all  perforated  with  holes,  and  the  flies  which  had 
iffued  from  them,  lying  dead. 

While  I am  on  this  fubjeft,  I can  not  forbear  to  mention,  that 
in  the  autumn  there  were  brought  to  me  a parcel  of  roundifh 
fubflances,  which  wTere  gathered  from  thiftles,  and  therefore, 
called  thiftle-nuts.  Many  of  our  countrymen  carry  thefe  nuts 
in.  their  pockets,  under  a notion  that  while  they  wear  them,  they 
(hall  be  free  from  the  diforder  called  the  piles,  particularly  if  every 
year,  they  throw  away  the  old  nuts  and  procure  frefh  ones  (which, 
it  is  faid,  do  not  gro w in  our  province).  And  feme  fay,  that  there 
is  a maggot  in  thefe  nuts,  and  that  while  it  lives,  the  before  men- 
tioned virtue  remains  in  the  nut,  but  upon  its  dying  the  virtue  is 
3ofl. 

As  foon  as  I faw  thefe  fuppofed  nuts,  I concluded  that  they 
were  produced,  as  I might  fay,  by  accident;  and  that  their  virtue 
againft  the  piles  was  a mere  imagination.  And  upon  examining  the 
nuts,  I found  that  there  was  not  one  of  them  which  had  not  one, 
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two,  three,  four,  and  fome  as  many  as  (even  or  eight  cavities 
in  it,  each  cavity  containing  a (hort,  white  aurelia,  or  cryfalis, 
formed  of  many  joints  like  rings  ; thefe  aurelias  were  aim  oft  all 
alive,  and  I judged  them  to  have  been  produced  from  maggots, 
the  offspring  of  fome  fly  or  fuch  like  infeft,  which  had  laid  its 
egg  on  the  thiftle ; and  that  thofe  maggots  having  pierced  the 
veftels  of  the  thiftle,  while  in  the  flourifhing  time  of  its  growth, 
had  occafioned  a copious  effufion  of  juices,  by  means  of  which  a 
tumor  or  fwelling  had  been  formed  upon  the  thiftle,  which  had 
inclofed  the  maggot,  and  formed  a folid  fubftance  round  it.  And 
upon  further  profecuting  this  fubjeft,  to  elucidate  my  own  pofi- 
tion  that  thefe  nuts  had  been  produced  by  means  of  maggots,  I 
opened  feveral  of  them  at  different  times  in  the  fucceeding  winter, 
preferving  the  aurelias  ; and  at  length,  towards  the  end  of  the 
April  following,  they  produced  a fpecies  of  black  flies,  different 
from  any  1 had  before  feen,  for  the  hind  part  of  their  bodies  ter» 
ni mated  in  a point,  forming  a kind  of  (heath,  wherein  was  con* 
tained  a fmall  fling. 

I thought  it  would  not  be  amifs,  to  exhibit  to  the  view,  the 
fhape  and  make  of  thefe  nuts,  in  order  to  (hew  the  fizes  of  them 
and  of  the  cavities  they  contain  ; and  alfo  how  far,  fancy  and 
imagination  will  go  with  fome  people, 

■ Plate  V*  Jig.  22,  23,  24,  reprefent  three  of  thefe  thiftle-nuts 
dried,  and  of  different  fizes. 

Fig.  25,  is  one  of  the  fame  nuts,  cut  open  on  the  fide,  where 
may  be  feen  two  cavities,  one  of  them,  at  A,  containing  an  aurelia* 

Fig.  2 6,  is  the  fly  produced  from  this  aurelia. 

Fig.  27,  is  a thiftle-nut  cut  acro(s,  (hewing  feven  cavities, 
wherein  the  aurelia  had  lain. 


The  Author  s opinion  refpecting  the  animalcule  found  in  the  Livers  of 
Sheep  infected  zvith  the  difeafe , commonly  called  the  Rot . 

I HAVE  often  confidered,  that  perhaps  thofe  animalcules  which 
are  called  by  our  butchers  Botten,  or  Flounders,  and  are  generally 
found  in  the  livers  of  Sheep  in  rainy  feafons,  might  find  their  way 
into  that  bowel  in  the  following  manner : 

That  when  fheep  drink  plentifully  of  water,  containing  thefe  ani- 
malcules, and,  with  their  food,  it  is  conveyed  through  their  ftomachs 
into  the  entrance  of  the  bowels,  at  that  part  where  the  gall  bladder 
difcharges  itfelf,  the  animalcules,  tempted  by  the  tafte  of  the  bile, 
which  perhaps  to  them  is  grateful,  may  be  induced  to  force  their  way 
by  fwimming  againft  the  current  of  the  bile,  into  the  gall  du6t,  and 
thence  into  the  gall  bladder  itfelf.  For,  it  is  not  long  fince,  that 
upon  opening  the  liver  of  a fheep,  in  the  veflTels  of  which  there  were 
many  of  thefe  creatures,  I found  in  the  bile  duet,  one  of  them 
which  was  longer  than  the  duft  itfelf,  and  which  feemed,  by  the  com- 
preflion  of  the  duót  to  have  been  killed,  and  it  lay  there  folded  toge- 
ther. Hereupon,  I thought  it  probable,  that  this  creature  had  forced 
its  way  fo  far  into  the  gall  duót,  that,  not  being'  able  to  advance  or 
recede,  it  had  there  perifhed,  and  I obferved  in  one  part  of  the  du6t, 
a kind  of  mortification,  and  in  another  part  an  exulceration,  apparently 
occafioned  by  the  animal  forcing  its  way  into  that  veffeh 


PART  THE  SECOND 


O F T H E 

SELECT  WORKS 

O F 

ANTONY  VAN  LEEUWENHOEK, 

TRANSLATED  FROM  THE  DUTCH  AND  LATIN  EDITIONS, 

By  SAMUEL  HO  OLE. 


Jovis  omnia  plena. 


Thefe  as  they  change,  are  but  the  varied  God. 

T HO  MS  ON. 


LONDON: 

PRINTED  FOR  THE  TRANSLATOR , 

By  G.  SIDNEY,  Black-Horse  Court,  Fleet-Street; 

And  fold  by  G.  and  W.  Nicol,  Bookfellerstohis  Majefty,  Pall-Mall ; J.  White,  Fleet-Street; 
J*  & A.  Arch,  Gracechurch-Street;  and  J.  Wright,  Piccadilly. 


M,DCC,XCIX. 


% 


t'  - • ' 


. ■ f ■ 


- ' 


To  the  SUBSCRIBERS, 


FORASMUCH  as  I have  been  encouraged  and  fup- 
ported  in  my  prefent  undertaking,  by  the  refpectable 
Friends,  whofe  names  will,  in  due  time,  appear  as  Patrons 
of  this  W ork,  I confider  myfelf  to  be,  in  home  fort, 
accountable  to  them  for  my  proceedings  herein. 

The  delay  which  has  occurred,  between  the  conclu- 
fion  of  the  Firft  Part,  and  this  beginning  of  the  Second, 
was  principally  occafioned  by  an  * accident  which  befel 
me  in  the  autumn  of  the  laft  year  ; and  which,  for  a 
time,  gave  me  reafon  to  apprehend  that  I might  lofe 
the  ufe  of  my  pen  ; which  to  me  would  have  been  a 
moil  ferious  affliction  : this  was  followed  by  a fuccei- 
fion  of  ill  health  during  the  winter,  and  other  unplea- 
fant  circumftances,  which  altogether,  almoft  confirmed  a 
year. 

The  bare  mention  of  thefe  things  will,  I am  confi- 
dent, be  deemed  a fufficient  apology  by  thofe  to  whom 
they  are  addreffed  ; and  I have  the  vanity  to  think,  that 
they  will  have  pleafure  in  being  informed  of  my  refto— 

* The  lofs  of  part  of  one  of  the  fingers  of  my  right  hand. 
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ration  to  health,  and  ufefulnefs  to  myfelf,  and  in  the 
profpeól  I now  have,  of  purfuing  my  tranflation  with 
activity ; a purfuit,  wherein  I am  encouraged  by  a cir- 
cumftance,  which,  at  the  fame  time  that  it  is  flattering  to 
me  as  an  author,  is  a compliment  to  the  judgment  of 
thofe  who  have  patronized  my  Work,  namely,  that  it 
has  been  mentioned,  with  approbation,  by  more  than  one 
of  the  public  Cenfors  of  literary  productions. 


1 have  prefixed  to  this  Second  Part,  fome  ftrictures  on 
the  ufe  of  the  word  Nature,  which  frequently  occurs  in 
my  Author ; not  lb  much  with  a view  to  inform  my 
Readers  herein,  as,  to  place  before  them,  the  fentiments 
of  fome  of  the  greateft  characters,  on  a fubjeCt  in  itfelf 
rather  abftrufe  j and  I hope,  that  I fhall  not  be  con- 
demned as  prefumptuous,  for  adding  my  opinion,  to 
thofe  of  fucli  high  authority. 


* I have  read  fomewhere,  that  it  is,  in  the  Eaft,  a mark 
of  refpeCl  for  one  perfon  to  approach  another  with  a 


# Ex  nugis  feria,  /.  e*  moralize  trifles,  fays  the  laborious  Jacob  Cats  j and 
our  countryman,  the  pious  and  learned  Dr.  Watts,  addrefles  a letter  to  a lady, 
on  the.lofs  of  a child,  wherein  he  comforts  her,  by  an  allufion  to  the  tranf* 
planting  a flower.  I hope  thefe  authorities  will  proteCl  me  from  the  imputa- 
tion  of  childifhnefs  on  the  prefent  occafion. 
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prefent,  if  it  be  only  an  Orange,  or  a Flower;  therefore, 
as  an  apology  for  troubling  my  Patrons  with  this  pre- 
face, t beg  to  prefent  to  them  the  true  portrait  of  a 
Flower,  with  its  hiftory,  and  my  application  of  it. 

This  Lily,  the  produce  of  my  London  garden, 
when  young  in  the  bud,  was  broken  by  accident,  fo  as 
to  hang  only  by  a fort  of  (kin,  as  defcribed  in  the  figure. 
I at  firft  confidered  it  to  he  loft,  but,  to  my  great  furprize, 
in  a fhort  time,  from  a pendulous  Hate,  it  was  elevated, 
and  grew  to  perfeótion,  as  here  fhewn ; exhibiting  the 
fhape  and  colour  of  the  Flower,  as  perfeólly  as  thofe  near 
it,  which  had  not  been  injured,  though  the  whole  nou- 
rifhment  it  received  from  the  root,  was  derived  through 
fo  {'mail  a fource.* 

# This  folves  what  may  appear  ftrange  in  the  method  ufed  by  hufbandmen, 
who,  in  new  making  their  hedges,  praftife  what  is  called,  plafhing ; which  is 
performed  by  cutting  the  fhoots  in  the  hedge  rows,  about  three  fourths  through, 
and  laying  them  horizontally,  to  {Lengthen  and  thicken  the  hedge,  which 
fhoots,  thus  plafhed,  continue  to  grow;  and  the  reafon  is,  that  the  nourifh- 
mentis  conveyed  to  the  plant,  by  veffels  all  round  its  circumference,  though 
too  fmall  to  be  obferved  by  the  naked  eye;  confequently,  if  part  of  them  are 
preferved  entire,  fo  long  as  the  bark  which  covers  them  is  not  cut,  they  will  be 
fufficient  to  continue  the  life  and  vegetation  of  the  plant.  See  what  Mr.  Leeu- 
wenhoek fays  on  the  fubjeöof  thefe  veffels,  in  his  Effay  on  the  Oak. 
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Here,  let  me  fay,  was  an  Emblem  of  my  tranflation  ; 
for,  though  I at  firft  almofl  gave  it  up,  being,  as  I thought, 
nipt  in  the  bud,  from  the  accident  I have  mentioned,  I en- 
deavoured to  apply  the  adage  “ nil  defperandum,”  never 
to  defpair ; and  now,  my  work,  like  the  Flower,  being 
revived,  1 fhall  fpare  no  pains  to  make  it  as  perfect  as 
poffible ; and  I hope,  without  any  farther  interruption 
or  delay. 

! » 

London,  061.  1799. 


INTRODUCTION  io  the  SECOND  PART . 
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/IS  I have  entitled  this  Tranflation,  The  Difcoveries  of  the  Author 
in  many  of  the  Works  of  Nature , (a  term  ufed  by  himfelf,)  I lhall 
take  the  liberty  to  lay  before  the  Reader  a few  words,  refpefting  the 
idea  \?e  ought  to  annex  to  that  expreiTiom 

By  the  word  Nature,  here  ufed,  I underhand  that  unfeen  power, 
whereby  different  parts  of  Matter  are  brought  together,  and,  by 
their  various  combinations  and  modifications,  produce  thole  bodies  or 
fubltances  which  we  obferve  on  this  terraqueous  globe.  Matter,  is 
that  Something , of  which  bodies  are  compofed,  and  I call  it  Some- 
thing, becaufe  its  primary  or  original  particles  are  fo  minute,  as  to  be 
entirely  undifcernible  by  us  ; for  it  is  not  until  they  are  combined  or 
collected  in  larger  portions,  that  they  become  objects  of  our  fenfes. 
This  is  capable  of  demonftration  many  wTays.  For  # example.  Earth, 
which,  in  itfelf,  has  little  either  of  tafte  or  fin  ell,  produces  herbs, 
flowers,  and  fruits,  poiTefling  an  endlefs  variety  of  talles  and  odours  ; 
and  not  only  fo,  but  of  natures  entirely  different  from  each  other,  the 
fame  fpot  of  earth  which  produces  wholefome  herbs  for  our  tables, 
bringing'  forth  alfo  the  moft  noxious  plants,  according  to  the  qua- 
lity of  the  feed  or  plant  committed  to  it  : And  yet,  we  cannot  trace 
thefe  various  talles  and  odours,  nor  thefe  wholefome  and  noxious 
properties,  in  plants,  to  any  other  original,  than  the  fame  common 
parent,  Earth,  aided  by  fuch  fupplies  as  they  receive  from  the  other 
^elements.  Herbs,  taken  into  the  ftomachs  of  animals,  are  converted 

* Water,  it  is  well  known,  is  eflèntial  to  the  growth  of  plants,  neither  will  they  vegetate 
•without  afupply  of  air,  a fluid  eight  hundred  times  lighter  than  water  ; and,  it  is  the  opinion 
of  Sir  Ifaac  Newton,  that  light,  which  is  beyond  all  conception  more  rare  and  fubtilethan  air, 
does  enter  into  the  compofition  of  bodies. 
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into  the  flefhy  parts  of  their  bodies,  and  even  compofe  the  folid  fub- 
fiances  of  the  bones  and  teeth  : and  all  thefe  vegetable  and  animal 
fubftances  do,  by  putrefaction,  return  to  the  general  mafs  of  Matter 
from  which  they  were  fir  ft  formed,  and  enter  into  the  compofition  of 
new  bodies.  Again,  w-ater  evaporates,  or  is  carried  up  into  the  at- 
mofphere,  in  particles  fo  fmall  as  to  be  invihble  to  us  ; and  even  mer- 
cury or  quickfilver,  the  heavieft  of  all  fluids,  upon  the  application  of  a 
moderate  degree  of  heat,  flies  off  in  vapour,  and,  unlefs  confined  by 
fome  folid  body,  fuch  as  a chemift's  retort,  wholly  difappears.  Ar- 
guing then,  from  thefe  appearances,  we  mud  conclude,  that  the 
elementary  or  original  particles  of  Matter,  are  not,  as  fuch,  difcovera- 
ble  by  us.  And,  as  far  as  ocular  examination  can  reach,  Mr.  Leeuwen- 
hoek has  given  it  as  his  opinion,  that,  were  he  able,  by  the  help  of 
glafles,  to  difcern  objefls,  millions  of  times  fmaller  than  thofe  his 
microfcopes  difcovered,  he  fhould  ftill  fail  of  tracing  bodies  to  their 
original  component  particles. 

Some  Philofophers  have  fpent  much  time,  in  arguing  on  the  infinite 
divifibility  of  Matter,  and  in  propofing  ft  range  * theories  refpeéting 
its  inherent  properties.  But  herein,  they  feem  to  have  exercifed  their 
wits,  without  much  improving  their  underftandings  ; forfurely,  it  is 
of  no  utility  to  propound  queftions,  which  cannot  poftibly  be  brought 
to  the  teft  of  experiment.  In  oppofition  to  thefe  vain  fpeculations, 
how  wife,  and,  at  the  fame  time,  how  modeft,  are  the  words  of  Sir 
Ifaac  Newton  : t “ It  feems  probable  to  me,  that  God  m the  Be- 
“ ginning,  formed  Matter,  in  folid,  mafty,  hard,  impenetrable,  move- 
“ able  particles,  of  fuch  fizes  and  figures,  and  with  fuch  other  proper- 
“ ties,  and  in  fuch  proportion  to  Space,  as  mod  conduced  to  the  end  for 

* Such  as  that  of  fuppofing  the  cohefion  of  bodies  to  be  caufed  by  their  particles  being 
formed  with  little  hooks ; and,  that  repulfion  proceeds  from  other  particles  being  made  like 
hoops  rolled  up,  and  afterwards  expanding  themfelves, 

f Newton’s  Opticks,  Qu.  3 1,  near  the  end, 
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44  which  he  formed  them  ; and,  that  thefe  primitive  particles  being 
44  Solids,  are  incomparably  harder  than  any  porous  bodies  compounded 
44  of  them,  even  fo  very  hard,  as  never  to  wear  or  break  in  pieces  ; 
44  no  ordinary  power  being  able  to  divide,  what  God  himfelf  made  one 
44  in  the  firft  Creation.  While  the  particles  continue  entire,  they  may 
44  compofe  bodies  of  one  and  the  fame  nature  and  texture  in  all  ages; 
44  but,  Ihould  they  wear  away  or  break  in  pieces,  the  nature  of  things 
44  depending  on  them  would  be  changed.  Water  and  Earth,  com- 
44  pofecl  of  old  worn  particles,  and  fragments  of  particles,  would  not 
44  be  of  the  fame  nature  and  texture  now,  with  water  and  earth  com- 
44  pofed  of  entire  particles  in  the  Beginning.  And  therefore,  that 
“ Nature  may  be  lafting,  the  changes  of  corporeal  things  are  to  be 
“ placed  only  in  the  various  reparations  and  new  affociations  and  mo- 
44  tions  of  thefe  permanent  particles  ; compound  bodies  being  apt  to 
64  break,  not  in  the  midft  of  folid  particles,  but  where  thofe  particles 
44  are  laid  together,  and  only  touch  in  a few  points/"  This  feems  to 
be  the  ne  plus  ultra,  or  utmoft  extent  of  human  fagacity,  terminating 
in  a conclufion,  worthy  of  that  great  Philofopher  and  good  Mam  In 
conformity  to  which,  Ï think  we  may  fay,  that  the  particles  of  Matter 
are  not  infinitely,  but  indefinitely  Small,  or,  in  other  words,  fo 
minute  as  to  he,  fingly,  invifible  to  us,  though  colleBively,  they  are 
the  daily  objects  of  our  fenfes.  It  now  remains  to  confider  the  pro- 
perties of  Matter,  or,  the  means  by  which  its  particles  are  brought 
into  adlion. 

The  Honourable  Mr.  Boyle  has  written  an  Eflay  on  this  Subject, 
wherein  he  refutes  the  error  of  the  ancient  heathen  philosophers,  and 
their  followers  among  the  moderns,  the  Schoolmen,  who  figured  to 
themfelves,  an  aftive,  intelligent  Being,  which  they  called  Nature ; 
Subordinate  indeed  to  the  Deity,  but  yet,  prefiding  over  the  mundane 
Syfiem,  and  directing  its  operations.  He  fhews,  in  a variety  of  in- 
fiances,  that  the  fuppolition  of  fuch  a Being,  is  insufficient  to  folve 

a 2 


IV 


the  different  phaenomena  in  the  fyffem,  and,  that  it  detracts  from  the 
honour  of  the  Author  and  Governor  of  the  World  : And  he  gives  us 
his  opinion  on  the  fubjeót,  in  thefe  words  : * 44  Since  the  prefent  is  a 
“ philofophical  enquiry  only,  we  fhall  only,  at  prefent,  confult  the 
44  light  of  reafon  in  the  formation  of  the  World,  which  might  proba- 
44  bly,  be  after  the  following  manner.  The  great  and  wife  Author  of 
44  things,  firft  forming  the  univerfa!  undiftinguifhed  Matter,  put  its 
44  feveral  parts  into  various  motions,  by  which  they  mud  needs  be  di- 
44  vided  into  innumerous  particles  of  different  bulks,  figures,  and  fitu- 
44  ations;  guiding  and  over-ruling  the  motions  of  thole  parts,  by  his 
44  wifdom  and  power,  fo  as  to  difpofe  them  into  that  beautiful  and 
44  orderly  frame  we  call  the  World  ; feme  being  fo  contrived,  as  to 
44  form  feeds,  or  the  feminal  principles  of  Plants  and  Animals.  Be- 
44  fides,  he  fettled  fuch  laws  or  rules  of  local  motion,  amongft  the  parts 
44  of  Matter,  that,  by  his  ordinary  concourfe,  the  parts  of  the  Univerfe 
44  once  compleated,  fhould  continue  the  oeconomy  of  the  Univerfe,  and 
44  propagate  the  fpecies  of  living  creatures/'  And  again,  he  fays, 
44  If  we  fuppofe  the  univerfal  laws  of  motion  to  be  eftablifiied,  and 
44  that,  by  their  conventions,  the  feminal  principles  of  various  things 
44  were  contrived,  by  the  local  motion  of  Matter,  Ikilfully  guided  at  the 
44  Beginning,  and  that  God's  ordinary  and  general  concourfe,  contri- 
44  buted  to  perfect  the  Univerfe,  and  continue  it  fo,  there  is  no  need  of 
44  any  diftinht  powerful  intelligent  Being  to  affift  him,  as  Nature  is 
44  reprefented  ; fince  the  Phaenomena  which  occur,  will  flow  from  the 
44  mere  fabriek  and  conftitution  of  the  World/' 

The  learned  Dr.  Mead  has  a pafiage  on  this  fubjeft  of  Nature, 
when  applied  to  animated  bodies,  which  1 the  rather  quote,  as  it  con- 
tains a reproof  to  thofe  vifionary  philofophers  I have  mentioned, 
f 44  Whereas  the  Word  Nature,  is  made  ufe  of  by  Phyficians,  in 


* Enquiry  into  the  received  notion  of  Nature, 
f Mead  on  the  Small  Pox,  Chap.  II» 
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the  cure  of  all  difeafes,  I will  here,  once  for  all,  plainly  declare  my 
“ fentiments  of  what  we  ought  to  underhand  by  that  word.  That 
44  there  is  fomething  within  us,  which  perceives,  thinks,  and  realons, 
44  is  mamfeft  beyond  contradiólion : And  yet,  .the  nature  of  that 
44 fomething , cannot  be  fully  and  perfectly  comprehended  in  this  life. 
“ Wherefore  I (hall  refign  the  difquifition  of  this  point  to  thofe,  who, 
64  while  they  know  too  little  of,  and  care  lefs  for,  things  falling  under 
44  their  fenfes,  take  great  pleafure  in  inveftigating  thofe  things  which 
44  human  reafon  is  incapable  of  conceiving.  However,  thus  far  the 
44  foundeft  philofophers  agree  concerning  it,  that  it  is  lome  what  in- 
44  corporeal.  For,  how  can  fluggifh  Matter,  which  is,  of  itfelf,  void 
44  of  all  motion,  be  the  fource  and  firft  caufe  of  thought,  the  rnoft 
44  excellent  of  all  motions  ? Wherefore,  it  is  fufficientlv  evident, 
“ that  this  fir  ft  mover  within  us,  is  a fpirit  of  fome  kind  or  other,  en- 
“ tirely  different  and  feparable  from  terreftrial  matter,  and  yet,  moll 
44  intimately  united  with  our  body/" 

44  Moreover,  to  me,  it  feems  probable,  that  this  aótive  principle,  is 
“■not  of  the  fame  fort  in  all;  that  the  Almighty  Creator  has  en- 
44  dowed  man  with  one  fort,  and  brutes  with  another  ; that  the  for— 
44  mer  fo  far  partakes  of  a divine  nature,  as  to  be  able  to  exift,  and 
44  think,  after  its  reparation  from  the  body  ; but  that  the  latter  is  of 
44  fuch  an  inferior  order,  as  to  perifh  with  the  body/" 

44  Now  this  matter,  if  I am  not  miftaken.  Hands  thus  : Such  is  the 
44  compofition  of  our  fabriek,  that  when  any  thing  pernicious  has  got 
44  footing  within  the  body,  the  governing  mind  gives  fuch  an  impulfe 
44  to  thofe  inftruments  of  motion,  the  animal  fpirits,  as  to  raife 
64  thofe  commotions  in  the  blood  and  humours,  which  may  relieve1 
44  the  whole  frame  from  the  danger  in  which  it  is  involved.  And 
44  this  is  done  in  fo  hidden  a manner,  that  it  fhould  feem  to  be  the 
44  effeél  of  inftinél,  rather  than  voluntary  motion,  though  it  be  eh 
44  fefted  at  the  command  of  the  adive  principle.  And,  indeed,  thole 
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44  very  motions,  which  are  commonly  called  natural  and  vital,  as 
64  thofe  of  the  heart,  lungs,  and  inteftines,  which  perfevere  through 
44  the  whole  courfe  of  life,  even  when  the  will  cannot  be  concerned 
44  in  them,  as  they  have  their  beginning  from  the  mind,  fo  they  are 
“ perpetually  under  its  direction.” 

Sir  Ifaac  Newton,  in  that  part  of  his  works  above  quoted,  ex- 
preffes  himfelf  as'  follows  : 44  All  material  things  leem  to  have  been 
44  compofed  of  the  hard  and  folid  particles  above  mentioned,  varioufly 
44  affbciated  in  the  fir  ft  creation,  by  the  counfel  of  an  intelligent  Agent. 
44  For,  it  became  him  who  created  them,  to  fet  them  in  order.  And, 
44  if  he  did  fo,  it  is  unphilofophical  to  leek  for  any  other  origin  of  the 
44  World,  or  to  pretend,  that  it  might  arife  out  of  a chaos,  by  the 
44  mere  laws  of  Nature  ; though,  being  once  formed,  it  may  continue 
“ by  thofe  laws,  for  many  ages.  For,  while  Comets  move  in  very 
44  eccentrick  orbs,  in  all  manner  of  petitions,  blind  Fate  could  never 
44  make  all  the  Planets  move  one  and  the  fame  way,  in  orbs  concen- 
44  trick,  lome  inconfiderable  irregularities  excepted,  which  may  have 
44  arifen  from  the  mutual  a dions  of  Comets  and  Planets  upon  one 
44  another,  and  which  will  be  apt  to  increafe,  till  this  oyftera  wants 
44  a reformation.  Such  a wonderful  uniformity  in  the  Planetary 
44  Syfteiru  mu  ft  be  allowed  the  effeCt  of  choice.  And  fo  mult  the 
44  uniformity  in  the  bodies  of  animals,  they  having  generally,  a right 
44  and  a left  fide,  111  aped  alike,  and,  on  either  fide  of  their  bodies,  two 
44  legs  behind,  and  either  two  arms,  or  two  legs,  or  two  wings  before 
44  upon  their  fhoulders,  and,  between  their  fhoulders,  a neck  run- 
44  ning  down  into  a back  bone,  and  a head  upon  it ; and,  in  the  head, 
44  two  ears,  two  eyes,  a nofe,  a mouth,  and  a tongue,  alike  fituated. 
44  Alfo,  the  fir  ft  contrivance  of  thofe  very  artificial  parts  of  animals, 
44  the  eyes,  ears,  brain,  mufcles,  heart,  lungs,  midrift',  glands,  larynx, 
44  hands,  wings,  fwimming  bladders,  natural  fpeCtacles,  and  other 
44  organs  of  fenfe  and  motion,  and  the  inftinét  of  brutes  and  infeéts. 
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cc  can  be  the  effedt  of  nothing  elfe,  than  the  wifdom  and  fkill  of  a 

powerful  ever  living  Agent,  who,  being  in  all  places,  is  more  able, 
“ by  his  will,  to  move  the  bodies  within  his  boundlefs  uniform 
“ *Senforium,  and  thereby  to  form  and  reform  the  parts  of  the  Uni- 
“ verfe,  than  we  are,  by  our  will,  to  move  the  parts  of  our  own 
“ bodies/" 

I hope  I may  be  permitted  to  add  to  the  opinions  of  thefe  great 
men,  an  obfervation,  which,  1 think,  muft  have  occurred  to  them, 
though  they  have  not  particularly  mentioned  it,  except  Sir  Ifaac 
Newton,  in  the  laft  lines  of  the  paflage  I have  quoted  from  him.  The 
laws  of  motion  which,  according  to  Mr.  Boyle,  were  eftablifhed  at 
the  Beginning,  and  afterwards  continued,  by  what  he  calls,  “ the 
“ ordinary  concourfe  of  the  Creator/"  and  which  principles  are  filled 
by  Sir  Ifaac  Newton,  “the  laws  of  Nature/"  cannot  have  any  force 
without  the  fame  exertion  of  power  to  fupport  them,  by  which  they 
were  at  firfi  created.  Nor  can  the  incorporeal  mind  or  fpirit,  menti- 
oned by  Dr.  Mead,  preferve  its  activity  without  the  continued  influ- 
ence of  the  Supreme  Mind.  For,  the  cafe  is  not  analogous  to  what 
may  be  fuppofed  of  a workman,  conftructing  a machine,  which  fhall 
for  a length  of  time  continue  in  motion,  without  his  intervention  ; 
nor  to  that  of  a matter,  giving  directions  to  his  fervants  to  perform, 
what  they  „afterwards  accomplifh  of  themfeives.  For,  in  the  one 
inftance,  the  machine,  if  its  firfi  mover  be  a weight,  is  kept  going 
by  the  law  of  gravity,  and,  if  a fpring,  by  the  power  of  elafticity, 
both  which  are  entirely  independent  of  the  workman ; and,  in  the 
other  inftance,  the  fervant  executes  his  matter" s commands  by  vir- 
tue of  the  powers  of  felf  volition  and  aétion  he  polle ffes,  independent 
of  that  matter,  though,  for  the  time,  he  willingly  applies  thofe  powers 
to  the  accomplifhment  of  the  talk  affigned  to  him.  But,  we  cannot 

* Senforium,  means  the  feat  of  confcioufnefs,  or  perception  in  animated  Beings;  and,  when 
applied  to  the  Deity,  his  Omniprefence  makes  it  to  be  every  part  of  Space, 
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conceive  any  active  principle  to  exift,  in  either  Matter  or  Spirit*  with- 
out the  fupport  of  the  hr  It  Can  e ; for  this  would  he  to  iuppoie  more 
than  one  adfive  independent  Exiftence,  which  Dr.  Clarke  has  proved 
to  be  the  greateft  abfurdity.*  Upon  the  whole,  when  we  inveftigate 
this  fubject  as  far  as  our  faculties  w 11  extend,  we  cannot  do  otherwife 
thanrefolve  ad,  that  we  call  the  operations  of  Nature,  into  the  con-* 
tinual  agency  of  the  firft  Creator.  And,  though  we  are  loft  in  the 
idea  of  inch  immenfe  and  incedant  energy,  we  are  equally  ftp  in  the 
contemplation  of  any  other  of  the  Divine  Attributes,  forafmuch  as 
finite  capacities  cannot  comprehend  Infinitude. 

While  we  pofte fs  thefe  fentiments,  and  keep  the  idea  of  Nature, 
and  the  Author  of  Nature,,  conned ed,  (which  it  is  not  eafy  for  a 
reflecting  mind  to  feparate)  I cannot,  for  my  part,  but  approve  the 
f perfonifying  figure,  which  1 think  more  decorous  than  to  name  the 
Deity  on  every  trivial  occafion : and  Mr.  Leeuwenhoek  feems  to 
have  been  of  this  opinion,  for  he  frequently  ufes  the  expreflion 
“ de  voorfichtig  Natuur  ' * i.  e.  provident  Nature,  but  when  the  won- 
ders he  difcovers  excite  his  admiration,  that  admiration  is  always  di- 
rected to  the  Creator. 

* Clarke’s  Demon-ftration  of  the  Being  and  Attributes  of  God» 

f The  Antients  pictured  Nature  in  a female  form,  to  denote  her  fruitfulnefs  $ and,  with 
many  breads,  to  typify  the  abundant  providon  made  by  her  for  her  different  productions. 


* The  Author  s opinion  and  reafoning  reflecting  the  formation  of  that 
fpecies  of  fuel  which  is  called  Peaif,  and  alfo  zvith  regard  to  the  trees 
dug  out  of  thofe  places  zvhere  Peat  is  found:  from  whence  he  takes  occa - 
fion  to  propofe  and  difcufs  a queflion , whether  the  Sea  may  not , in 
procefs  of  time , become  more  elevated  in  refpedt  of  the  Land. 


I HAVE  heard  many  per  ions  deliver  their  fentiments,  refpeóting  the 
manner  in  which  that  fubftance  called  Feat  was  produced  in  this 
country  of  Holland»  The  general  opinion  is,  that  the  place  where 
this  Peat  is  found  was,  in  former  ages,  nothing  but  a wood,  and  that 
the  falling  leaves  and  fmaller  branches  or  twigs  of  the  trees,  colleéüng 
together  on  the  earth,  did  in  procefs  of  time,  produce  this  fubftance, 
which  is  by  us  called  Veen,  It  is  alfo  believed,  that  thofe  trees, 
numbers  of  which  are  found  among  the  Peat,  formerly  grew  in  the 
fame  place,  and  were  all  blown  down  by  fome  violent  tempeft  of  wind 

* In  this  Eflay,  the  Author  departs  from  his  ufual  method  of  invelligating  the  works  of 
Nature  by  the  microfcope,  and  proceeds  upon  theory.  It  will  be  feen,  however,  that  he 
does,  in  one  inftance,  draw  a very  drong  argument  in  fupport  of  his  hypothecs,  from  mierof- 
copical  examination. 

i The  words  Peat,  and  Turf,  are  fometimes  ufed  promsfeuouflv,  though  their  true 
meaning  is  very  different.  Turf,  properly  fo  called,  as  denoting  an  article  of  fuel,  is 
compofed  of  the  thick  roots  of  grafs,  pared  off  the  furface  of  the  earth  on  commons,  and 
dried  in  the  fun.  The  bark  of  oak,  after  it  has  been  ufed  by  the  tanners,  made  up  into 
fquare  pieces  or  cakes,  and  dried,  is  fold  in  London  for  firing,  under  the  name  of  Turf.  But 
Peat,  of  which  the  author  here  treats,  is  found  under  the  furface  of  the  earth,  fometimes  to 
a confiderable  depth. 
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from  the  North  -Weft,  and  that  for  this  reafon,  the  roots  of  all  the  trees 
fo  dug  up  at  this  clay  do  point  towards  the  North-Weft. 

Thefe  opinions  I have  often  controverted  : for  how  can  it  be 
imagined,  that  fo  great  a quantity  of  Peat  could  be  produced  from 
trees  ftanding  together  in  a wood  ; inafmuch  as  Peat  is  in  forne  places 
found  collected  to  the  thicknefs  of  ten  or  twelve  feet,  and  fometimes 
more?  Neither  can  it  be  conceived,  how  thofe  large  oak  trees,  which 
are  now  found,  lying  in  the  mid  ft  of  the  Peat,  could  ever  have  grown 
to  their  full  lize  in  fuch  a foil,  for,  a common  ftorm  of  wind  would 
have  been  fufficient  to  blow  them  down. 

Again,  it  is  well  known,  that  thofe  trees  which  are  found  at  a conft- 
derable  depth  in  the  Peat  never  have  on  them  the  fmall  branches  on 
the  item,  nor  any  fmall  ramifications  on  the  roots,  and  all  thofe  fmall 
light  branches  of  alders  and  willows  which  are  found  in  Peat,  are  not 
(as  far  as  I have  ever  known)  firm  or  folid  in  their  kinds,  but  very 
much  decayed,  the  fame  as  if  they  had  been  for  feverai  years  expofed 
to  the  air,  or  had  died  and  withered  on  the  trees,  or  were  almoft  rotten. 
Thefe  decayed  portions  of  wood  cannot,  as  I conceive,  have  grown  in 
the  places  where  they  are  now  found,  but  mu  ft  have  been  carried 
thither  by  fome  flood,  or  ft  re  am  of  water,  and  that  they  either  floated 
on  the  water,  or  had  lain  expofed  to  the  air  for  feverai  years,  and 
therefore  may  properly  be  denominated  decayed  wood ; and  I 
remember,  that  on  handling  fome  pieces  of  willow  about  the  thick- 
nefs of  a finger,  which  I myfelf  faw  dug  up,  I found  them  as  foft  and 
flexible  as  a withered  carrot. 

Now,  if  thofe  oak  trees,  which  are  found  at  a great  depth  in  the 
Peat,  had  originally  grown  in  the  fame  place,  fuch  trees  would 
.certainly  be  found  with  the  fmall  branches  on  their  ftems  and  roots, 
if  not  in  the  whole,  at  leaft  in  part,  and  thofe  not  decayed,  for  in  the 
very  fame  places  there  have  been  found  in  the  Peat,  hazle-nuts,  with 
their  Iheils  entire. 
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We  know  that  thefe  trees  ]ye  eight  or  ten  feet  below  the  furface  of 
the  Peat,  which  furface  is,  in  feme  places,  four  feet  lower  than  the  fea 
at  low  water ; how,  then,  can  it  be  conceived  that  thofe  trees  could 
have  grown  in  fuch  low  lands,  unlefs  we  fuppofe  that  the  level  of  the 
fea  was  at  that  time  full  twenty  feet  lower  than  it  is  at  prefent? 

To  this  may  be  added,  what  i have  myfelf  been  an  eye-witnefs  to, 
that  a violent  ftorm  from  the  North- Welt  has  fo  agitated  that  river 
which  we  call  Hollands  Diep,  or  Flaring  Vliet,  as  to  tear  up  from  the 
bottom  large  portions  of  a fubftance  fimüar  to  our  Peat,  but  fo  light, 
as  to  be  carried  by  the  waves  again!!  the  banks,  and  there  left,  fome- 
times  in  pieces  larger  than  a cart-load,  which  fubftance  I was  told  the 
poorer  fort  of  people  carried  away  for  fuel.  Now,  it  is  impoffible  that 
this  Peat-like  fubftance  raifed  from  the  bottom  of  the  Flaring  Vliet,  and 
which,  like  Peat,  is  compofed  of  leaves,  fmall  fibres  of  the  roots  of 
trees,  and  other  vegetable  fubftances  (and  who  knows  how  deep  the 
bed  thereof  may  be  ?)  could  ever  have  grown  in  that  place. 

I once  faw  Peat  taken  up  from  the  depth  of  ten  feet,  in  a watery 
place,  where  it  had  never  before  been  dug.  I examined  the  texture  of 
it,  and  found  it  in  part  to  confift  of  an  herb  called  heath,  which  herb 
does  not  grow  in  our  Peat-lands.  And  I have  alfo  feen  Peat  dug  up  at 
a confiderable  depth  under  the  fands,  not  in  regular  ftrata  or  beds,  but 
in  broken  interrupted  patches,  and  fome times  in  a large  body  collected. 
This  Peat  1 examined,  and  found  that  it  confifted  of  leaves  of  trees, 
the  roots  of  grafs,  the  ftalks  of  leaves,  and  very  fmall  pieces  of  wood  ; 
in  fhort,  there  is  no  vegetable  fubftance  that  grows  wild  of  itfelf,  but 
what,  upon  an  accurate  inveftigation,  will  be  found  among  Peat. 

Some  years  ago,  being  on  a journey  at  a fmall  diftance  on  this  fide 
of  Haerlem,  I faw  in  a meadow  by  the  road  fide,  a labourer  digging  in 
the  earth  in  a cavity  as  deep  as  an  ordinary  man's  height ; and,  being 
curious  to  know  what  he  was  taking  up,  I alighted  from  my  carriage, 
and  found  that  it  was  Peat  which  was  laid  by  in  pieces  to  dry  for  firing. 

T 2 
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in  the  place  where  this  man  was  digging,  the  Peat  lay  only  in  fmall 
parcels,  or  collected  portions,  and  near  the  fame  fpot  there  was  not 
any  token  or  appearance  of  Peat.  I was  at  the  fame  time  furprized, 
to  fee  lying  on  the  fend  among  the  Peat,  a certain  fubftance  of 
a fine  blue  colour,  and  I was  told,  that,  near  the  place,  it  had  been 
found  in  a larger  quantity,  and  enough  of  it  collected  to  fill  a fmall 
calk,  which  had  been  carried  away  and  fold. 

At  another  time,  in  palling  through  the  town  of  Helvoetfluys,  1 
obferved  before  the  houfes  of  feveral  poor  people,  parcels  of  Peat  piled 
up  to  dry,  and  I was  told  that  it  was  good  fuel,  but  produced  a dife- 
greeable  fmell,  and  that  it  had  been  dug  out  in  enlarging  the  dock  for 
fhips;  and  on  breaking  fome  of  this  Peat  in  pieces,  I perceived  in  it 
ionic  fmall  filming  particles,  which  induced  me  to  carry  home  a fmall 
quantity  of  it,  that  I might  examine  it  by  the  microfcope. 

I was  informed,  that  this  Peat  was  dug  in  a place  where  there  had 
formerly  been  a dyke,  or  bank  againft  the  fea,  and  that  the  peat  did  not 
lye  ina  regular  bed,  but  only  in  three  places,  and  that  under  it  was  the 
kind  of  fend  we  call  klapzand,  all  which,  upon  examination,  I found  to 
be  as  related.  Hereupon  I concluded,  that  this  fend,  called  klapzand, 
had  in  former  times  been  the  fea- fh ore,  and  that  the  Peat  had  by  floods 
been  brought  to  the  three  places  where  it  was  now  found,  and  after- 
wards covered  with  fend  from  the  fea,  or  that  walked  down  the  river. 

On  my  return  home,  I examined  this  Peat  by  the  microfcope,  and 
found,  that  the  before  mentioned  Alining  particles  were  the  feeds  of 
fome  plant,  which,  if  they  had  been  larger,  might  have  been  taken  for 
beans,  but  thefe  were  fcarcely  the  fifteenth  part  of  an  inch  in  diameter. 
Other  fliining  particles  I alfo  obferved  in  this  Peat,  which,  upon  a 
more  accurate  examination,  I found  to  be  pieces  of  the  fkins  of  thefe 
flying  infeéls  which  arc  produced  by  tranfmutation  from  maggots  or 
caterpillars,  who  hide  themfelves  in  the  earth ; and,  among  others,  I 
few  fome  pieces  of  an  infeóf  of  the  beetle  kind,  which,  as  it  frequently 
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creeps  into  the  earth,  has  its  wings  covered  with  a kind  of  (hell  or 
cafe  for  their  defence,  in  like  manner  as  we  obferve  in  thofe  infefts 
which  are  called  by  children  cockchafers  and  ladybirds. 

I alfo  difcovered  divers  pieces  cf  the  bodies  of  various  fmall  animals, 
in  which  I could  diftinguifh  thofe  little  cavities  or  fpots  which  are 
obferved  on  ini  eels,  particularly  on  the  cafes  covering  the  wings  ; 
alfo  on  fome  of  thefe  fragments  I faw  very  minute  hairs,  fuch  as  the 
bodies  of  infects  are  generally  covered  with,  likewife  fome  fragments 
of  wings  with  hairs  on  them.  1 found  alfo  a kind  of  fling  of  fome 
infeét,  and  at  the  extremity  of  it  an  aperture,  fuch  as  is  feen  in  the 
fling  of  a fcorpion;  in  a word,  I found  an  incredible  number  of 
particles  or  broken  fragments  of  infodis  of  various  kinds  and  fizes, 
confi dering  the  fmall  quantity  of  Peat  in  which  they  were  contained, 
fo  that  it  may 

promifeuoufly  collected  together,  when  the.  earth  on  which  they  lay 
had  firft  been  wafhed  away,. 

In  the  fame  portion  of  Peat  were  various  particles,  appearing  to  the 
naked  eye  like  the  ftaiks  of  grafs  or  plants,  and  fuch  I found  them  by 
the  microfcope  to  be,  and  by  it  I plainly  perceived  the  tubes  or  vedels 
of  which  they  were  compofed.  4 alfo  difcovered  fome  few  particles, 
which  feemed  to  be  the  bulks  of  feeds,  and  others  which  I imagined 
were  the  rinds  or  bark  of  twigs. 

All  thefe  particles,  of  the  many  different  kinds  I have  enumerated, 
were  contained  within  the  com  pafs  of  a portion  of  Peat  not  exceeding 
a cubic  inch  in  fize. 

From  thefe  obfervations  it  appears,  how  incorruptible  are  fome  ■ 
fubftances,  when  buried  deep  under  fand  and  water,  when  the  fame 
fubftances  being  expo  fed  to  the  air,  and  in  frequent  agitation,  are  fo 
divided  and  broken  that  they  efcape  our  fight,  and  then  we  fay  they 
perifh  ; and  who  knows  whether  this  Peat-like  fubftance  might  not 
have  lain  for  fome  thoufand  years  under  the  fand  and  fea  water  before 
the  place  became  firm  land  ? 


fairly  be  concluded,  that  all  thofe  infeóls  had  been 
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It  is  well  known,  that  not  only  in  Holland,  Guelderland,  and  Utrecht, 
but  alfo  on  all  the  fea-coaft,  as  far  as  Holbein,  much  Peat  is  found ; 
and  if  it  be  true,  as  is  generally  believed,  that  not  only  England  and 
Scotland  were  formerly  united  to  Ireland,  but  that  the  Orcades,  Shet- 
land, and  Faro,  and  the  other  fmall  iflands  near  them,  were  formerly 
united  (which  iflands  being  rocks,  or  rocky  on  their  fhores,  are  able  to 
refill  the  force  of  the  fea),  and  that  in  thefe  iflands  this  Peat-like 
fubftance  is  alfo  found,  we  can  without  much  difficulty  folve  the 
queftion,  if  we  fuppofe  that  thefe  larger  and  fmaller  iflands,  by 
violent  florins  and  high  tides  of  the  ocean,  may  have  been  feparated 
from  each  other,  and  that  the  earth  or  foil  which  was  then  carried 
away,  was  covered  with  various  trees,  grabs,  and  herbs  ; all  thefe  fub- 
ftances  floating  on  the  fea,  might,  by  the  tides  and  North- Weft  winds, 
be  driven  to  the  places  where  they  now  lie ; and  the  trees  which  we 
find  lying  with  their  roots  pointing  to  the  North-Weft,  muft  of 
neceffiity  be  depofited  in  that  pofition  : for,  as  the  roots  of  trees  are 
heavier  than  the  upper  parts  of  the  ftem,  tiiofe  roots  muft  fink  deepeft 
in  the  water,  and,  being  dragged  along  the  bottom  of  the  fea,  the  ftems 
would  be  driven  foremoft,  and  caufe  the  trees,  when  waflied  on  the 
land,  to  lye  with  their  roots  towards  the  North-Weft.  The  heavier 
fubftances,  as  band  and  clay,  which  had  conftituted  the  foil  bo  carried 
away  by  the  fea,  would,  by  their  weight,  fink  to  the  bottom,  and,  taking 
the  fame  courfe  with  the  Peat,  would  be  thrown  upon  it,  and  produce 
a bandy  fhore,  as  we  now  perceive  it. 

It  is  further  to  be  conftdered,  that  our  rivers,  the  Rhine  and  the 
Maes,  do  every  year  bring  down  with  them  great  quantities  of  foil, 
and  particularly  in  the  fpring  time,  becaufe  at  that  feafon,  by  the  fun 
and  rains,  the  fnow  is  melted  on  the  tops  of  the  high  mountains,  and, 
running  over  the  lands,  wafhes  away  with  it  great  quantities  of  fand, 
clay,  and  earth,  and  thefe,  by  reafon  of  the  fwift  current  of  thofe 
waters,  find  no  reft  until  the  rivers,  becoming  wider  at  their  mouths. 
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and  meeting  alfo  the  flood  from  the  fea,  their  current  is  diminifhed, 
and  the  fand  fubfiding,  produces  (hallows.  In  thefe  (hallows,  the  clay 
and  earthy  fub fiances  alfo  fettle,  becaufe  in  thofe  places  the  waters 
have  little  motion,  in  proportion  to  what  they  have  higher  up  the 
rivers,  and,  by  this  means  it  is  well  known  that  there  is  a continual 
increafe  of  dryland  in  fome  parts  of  our  fhores. 

If  we  ohferve  attentively  our  fea-coafts,  we  (hall  in  fome  places,  even 
thofe  which  the  fea  daily  breaks  againft  and  waflies  over,  ohferve  large 
pieces  of  black  earthy  matter,  very  compact  and  clofely  cohering,  and 
which  lye  partly  covered  with  fand,  and  partly  overflowed  every  tide. 
Thefe  portions  of  earthy  matter  fo  depofited,  produce  a ftrong  argu- 
ment, to  convince  us  that  our  fhores  thus  wafhed  up  by  the  fea,  were 
not  merely  formed  by  fmall  quantities  of  foil  gradually  depofited,  but 
by  large  portions  or  fragments  of  land.  And,  who  knows  how  long 
fuch  fragments  of  land  might,  by  reafon  of  their  gravity,  lye  at  the 
bottom  of  the  fea  before  they  were  thrown  upon  the  fhore,  which,  in 
all  probability,  could  not  be  effected  otherwife  than  by  violent  florins, 
and  that,  many  years  after  the  fhoaly  or  fandy  bottom  was  firft  formed. 

The  magiftrates  of  Leyden  had  it  lately  in  contemplation,  if  it 
could  have  been  done,  to  make  a channel,  outlet,  or  opening  for 
water,  into' the  fea  at  Catwick,  in  the  place  where  the  Rhine  for- 
merly  difembogued  itfelf ; but  they  found  the  undertaking  to  be 
impracticable,  by  reafon  that  the  level  of  the  fea  was  too  high  at 
that  fpot.  This,  at  firft,  appeared  ftrange  to  me,  as  I could  not  con- 
ceive how  the  fea  could  obtain  a greater  altitude  than  in  former  ages, 
feeing  there  is  not  a greater  portion  of  waters  on  our  terraqueous 
globe,  than  at  its  firft  formation.  But  the  difficulty  ceafed  in  my 
mind,  when  I confidered,  what  quantities  of  fine  fand  and  (lime,  or 
clay,  are  continually  carried  down  our  rivers,  infomuch  as  to  make 
firm  land,  where  formerly  it  was  deep  water;  and  further,  what  large 
rivers  there  are  in  other  parts  of  the  world,  all  which  carry  great 
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quantities  of  fucli  fand  and  flime  into  the  fea ; whereby,  at  the 
mouths  of  thole  rivers  many  levels  of  marfh  land  are  produced,  while 
on  the  other  hand,  moft  countries  far  diftant  from  the  fea  are  moun- 
tainous. 

If  we  then  conclude,  that,  by  all  thefe  rivers,  a great  quantity  of 
fand  and  earth,  and  whatever  is  heavier  than  the  water,  is  depofited 
in  the  fea,  it  neceffarily  follows,  that  the  fea  mull  from  time  to  time 
be  more  elevated.  Again,  by  earthquakes,  large  portions  or  tradis  of 
land  are  buried  in  the  fea,  leaving  nothing  but  lakes  in  their  place  ; 
and  we  have  inftances  of  a volcano  or  burning  mountain  calling  fo 
many  rocks  and  Hones  into  the  fea,  as  to  raife  i Hands  where  before 
it  bad  been  deep  water. 

In  the  year  169a,  by  an  earthquake  in  the  ifland  of  Jamaica,  a 
large  fpace  of  land  was  fwallowed  up,  and  converted  into  a lake  ; and, 
at  the  diflance  of  thirty  miles  from  the  fea,  two  hills,  by  the  fide  of 
a river  were  thrown  down,  caufmg  the  river  to  take  another  courfe ; 
from  which  new  channel,  a great  quantity  of  earth  mult  have  been 
carried  into  the  fea : and  although  the  coaft  of  Norway,  and  that  of 
Ireland,  Scotland,  and  part  of  England,  are  rocky  cliffs,  yet  their 
rivers  mull  continually  carry  much  folid  or  heavy  matter  with  their 
waters,  and,  the  beating  of  the  waves  again  ft  the  cliffs,  will  carry 
thefe  kinds  of  fubftances  into  the  bottom  of  the  fea,  and  fo  elevate 
its  furface. 

To  feme  perfons  this  affertion  may  feem  ftrange,  as  judging  that 
the  great  extent  of  the  fea  bears  no  proportion  to  the  final!  quantity 
of  earth  which  the  rivers  walk  into  it ; and  that  therefore,  the  fea 
cannot  be  fo  much  elevated,  as  to  make  any  perceptible  difference  in 
feveral  hundred  years. 

In  order  to  fet  this  matter  in  a true  point  of  view-,  I have  made  a 
queftion  with  myfelf : Suppofing  the  mountain  called  the  Peak  of 
Teneriffe,  to  be  funk  in  the  fea,  what  elevation  would  it  produce  in 
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the  general  furface  of  the  water  ? Now,  (confidering  the  whole  of 
this  globe  to  be  one  third  part  land,  and  two  thirds  water)  I compute 
that  the  whole  furface  of  the  waters  would  be  thereby  raifed  between 
one  fourth  and  one  third  of  an  inch.  And,  fuppofmg  all  the  rivers  in 
the  world,  which  are  very  numerous,  (for  according  to  our  maps 
Spain  and  Portugal  only,  contain  one  hundred)  do  yearly  carry  with 
their  waters  into  the  fea  fo  much  earth  as  is  equal  in  fize  to  one  half 
of  the  Peak  of  TenerifFe,  the  fea  would,  in  the  fpace  of  one  hundred 
years  be  elevated  nearly  two  feet 

This  being  fo,  it  is  not  to  be  wondered,  that  wre  find  our  flood  tides, 
in  ftrong  winds  from  the  North- Weft,  to  rife  higher  than  they  were 
known  to  do  in  former  times,  and  that  the  Rhine,  which  heretofore 
fell  into  the  fea  at  Catwick,  cannot  now  have  any  outlet  that  way ; 
and  laftly,  that  on  the  fame  account,  we  are  obliged  to  raife  our  dykes 
higher  than  formerly.  Indeed,  we  may  conclude,  that  if  in  a courfe 
of  many  years,  there  fhould  not  be  more  fpace  given  to  the  waters  of 
the  ocean,  by  earthquakes  or  fub terraneous  fires,  producing  cavities 
in  the  deep,  the  low  lands  near  the  fea  will  at  length  be  overflowed. 

As  to  the  quantity  of  land  excavated  in  digging  Peat,  which  fome 
may  imagine  affords  room  to  the  waters,  the  fpace  of  earth  or  foil 
fo  taken  away,  does  not,  in  my  judgment,  amount  to  a thoufandth 
part  of  the  fand  and  clay  which  is  brought  down  the  rivers,  and  be- 
fides,  the  places  fo  excavated  are,  for  the  molt  part,  afterwards 
drained. 
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On  the  effects  of  Acids  in  the  Stomachy  and  the  ufe  of  Fijh  Diet , with 
a particular  description  and  examination  of  the  liquor  or  fubjiance 
named  Runnet , which  is  ufed  in  the  making  of  Cheefe . 


It  is  the  opinion  of  many  medical  perfons,  that  various  diforders  in 
the  human  frame  are  caufed  by  acid  in  the  ftomach,  which  coagulates 
the  juices  ; and  fome  condemn  the  ufe  of  acids,  and  alfo  of  flfh,  as 
articles  of  food.  But  to  thefe  opinions  1 cannot  fubfcribe,  for,  at  a 
town  in  my  neighbourhood,  where  the  people  get  their  living  by  hill- 
ing, and  principally  feed  on  hlh,  efpecially  when  they  are  on  the  fea, 
the  men  are  very  robuft  and  healthy,  even  to  a great  age  ; and,  with 
refpect  to  myfelf,  1 have  experienced,  that,  when  my  habit  of  body 
has  been  indifpofed,  I have  been  greatly  refrefhed  by  eating  flfh, 
with  fauce  compoled  of  a mixture  of  butter  and  vinegar,  and  I never 
found  acid  fauces  difagree  with  me.  It  is  alfo  my  opinion,  that  a hill 
diet  is  more  wholefome  than  flelh,  particularly  to  thole  perfons  who 
do  not  ufe  much  exercile,  becaufe  hlh  is  more  eahly  comminuted  and 
digefted  in  the  ftomach  and  bowels  than  flelh  ; and,  as  flelh  affords  a 
more  nutritious  fubftance,  fuch  fuperabundant  nutriment  is,  in  my 
opinion  the  fource  of  many  difeafes.  And,  I think  it  may  be  made 
appear,  that  the  coagulation  or  curdling  of  food  in  the  ftomach, 
when  caufed  by  acid,  is  not  prejudicial,  but  rather  conducive  to 
health. 

In  the  markets  which  are  held  weekly  in  our  town,  it  is  ufual  to 
expofe  to  fale,  that  part  of  the  inteftines  of  calves  which  is  called 
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the  Maw  ; this  is  halted,  and  kept  in  calks,  and,  with  the  pickle  in 
which  it  is  preferved,  goes  by  the  name  of  Runnet.  It  is  purchafed 
by  farmers,  and  when  poured  on  milk*  curdles  it,  of  which  curd, 
cheefe  is  made.  Some  of  this  pickle  I purchafed,  in  order  to  examine 
it  more  accurately,  but  was  obftruéfed  in  my  enquiry,  by  the  numbers 
of  faline  particles  in  it. 

I therefore  purpofed  to  procure  from  a butcher,  fome  of  the  liquor 
when  newly  taken  out  of  the  maw,  as  foon  as  the  animal  was  killed ; 
and  I was  informed,  that  if  a calf  had  fwallowed  any  milk  a few  hours 
before  it  was  killed,  there  would  be  found  in  its  maw  a quantity  of 
coagulated  or  curdled  milk,  which  it  was  cuftomary  for  the  butchers 
to  take  out  and  pre  ferve  with  fait  in  ajar,  (fome  of  which  curd  was 
fhewn  tome),  in  order  to  fell  the  fame  to  the  farmers,  who  found  by 
experience  that  a fmall  portion  of  this  curdled  milk,  was  of  more 
ftrength  or  virtue  for  their  purpofe,  than  the  liquor  in  which  the  maw 
was  pickled. 

I then  went  to  another  butcher's,  where  I faw  the  maw  of  a calf, 
wherein,  although  the  animal  had  not  fucked  for  the  fpace  of  twenty 
four  hours  before  it  was  killed,  I perceived  lome  portions  of  curdled 
milk,  larger  than  a walnut ; thefe  I caufed  to  be  wafhed  in  clean 
water,  and  carried  them  home  with  me,  and  I was  much  furprized  to 
find  them  as  hard  to  the  touch  as  new  made  cheefe. 

This  curdled  milk  I put  into  a glafs,  and  poured  on  it  rain  water, 
fo  as  to  cover  it  about  an  inch,  and  then  broke  the  curd  into  fmaller 
pieces,  in  order  that  the  faline  particles,  if  any  there  were  in  it,  might 
be  diffolved  by  the  water ; and,  after  it  had  flood  thus  for  fome  hours, 
I ftrained  the  water  through  a filtering  paper,  into  a new  and  perfectly 
clean  glafs. 

* Mmnm  in  German,  and  ronnen  or  runnen  in  Dutch,  mean  to  curdle  $ this  gives  us  the 
true  derivation  of  the  word  Runnet» 
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Some  of  this  filtered  water  I poured  on  a portion  of  wine,  in  order ' 
to  fee  whether  it  would  have  any  effeót  on  the  faline  particles  which 
are  in  wane,  but,  after  it  had  flood  feveral  hours,  I could  not  perceive 
any  alteration ; Ï therefore  determined  to  try  the  experiment  with 
vinegar.  And,  as  the  vinegar  w hich  is  commonly  fold,  is  forthemoft 
part  adulterated,  I took  white  wane  vinegar,  which  I had  kept  with 
m ary  gold -leaves  in  it  for  five  and  twenty  years,  and  was  uncom- 
monly ftrong,  and  mixed  with  it  a fmall  quantity  of  the  before  men- 
tioned liquor,  but  I fawr  no  other  faline  particles  in  it  than  thofe 
which  are  found  in  vinegar.  1 obferved,  indeed,  feveral  globules  of 
oil,  which  in  all  probability  proceeded  from  the  marygold  flowers. 

But,  when  I took  a fmall  quantity  of  new  milk,  and  mixed  with  it  a 
very  little  of  the  before  mentioned  water,  on  bringing  it  before  my  eye 
as  foon  as  I poflibly  could,  I faw  mo  ft  of  thofe  round  particles 
which  caufe  its  white  colour,  curdled  together,  and  an  inconceivable 
number  of  fmaller  particles,  fwimming  among  the  curdled  ones,  from 
whence  I concluded,  that  thefe  fmaller  particles  were  of  a different 
nature  from  the  coagulated  ones  ; I alio  faw  in  the  fluid  or  whey 
various  pellucid  globules  of  different  fizes,  the  finalieft  of  which  were 
no  larger  than  globules  of  blood,  and  the  large  ft  of  thefe  pellucid 
globules  were  twenty-five  times  that  fize  ; all  thefe  I concluded  to  be 
thofe  particles  in  the  milk,  of  which  butter  is  compofed. 

From  thefe  obfervations  it  appears,  that  this  liquor  called  Runnet, 
which  coagulates  or  curdles  milk,  does  not  take  anv  effeót  on  wine 
or  vinegar,  neither  of  which  are  adapted  to  the  food  of  calves. 

I was  informed  by  the  butcher,  that  the  fame  curdling  of  milk, 
took  place  in  the  ftomacbs  of  fucking  lambs  ; and  moreover,  that  if 
lambs  were  taken  from  their  dams  and  fattened  with  cow’s  <mitk,  it 
would  be  curdled  in  larger  quantities,  by  reafon,  (as  he  judicioufly 
added)  that  ewes  milk  has  more  particles  of  fat  in  it  than  that  of 
cows,  . 
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V 

After  this,  I mixed" new  milk  with  a large  quantity  of  Runnet,  tb) 
fee  whether  tliofe  fmaller  particles  which  I have  before  mentioned  to 
have  feen  fwi raming  in  the  whey,  would  thereby  be  coagulated,  but 
they  ftill  continued  to  preferve  their  figure. 

Upon  examining  the  before-mentioned  filtered  liquor  by  the  mi- 
cro fcope,  I faw  in  it  an  inconceivable  number  of  uncommonly  minute 
particles,  to  which,  by  reafon  of  their  exceeding  fmallnefs,  I could  not 
give  any  other  name  than  that  of  globules. 

Whether  the  globules  or  falts  in  the  Runnet,  have  fuch  an  effeét 
on  rain  water,  as  to  caufe  any  of  its  particles  to  coagulate,  fo  as  to  be- 
come vifible  by  the  microfcope,  I have  not  yet  been  able  to  difcover. 

I feveral  times  tried  the  experiment  of  pricking  my  finger  with  a 
needle,  and,  immediately  mixed  fome  of  this  liquor  with  the  blood,  to 
fee  whether  any  of  its  particles  would  thereby  be  coagulated  : on 
viewing  the  fame  through  the  microfcope,  it  exhibited  a curious  and 
pleafant  fpectacle  of  vaft  numbers  of  the  globules  of  blood,  rolling 
one  over  another,  but  they  were  fo  far  from  being  coagulated  by  the 
mixture,  that  they  feemed  more  fluid  than  before. 

After  this  mixture  had  flood  about  the  fpace  of  half  a minute,  I 
perceived  in  it  many  fmall  pellucid  particles,  which  by  degrees  grew ' 
larger,  but  yet  were  fo  minute,  and  fo  much  covered  by  the  circumja- 
cent particles,  that  I could  not  clearly  difcover  their  figure;  but,  to 
the  heft  of  my  judgment,  they  were  irregular  faline  particles,  appear- 
ing all  of  different  fhapes,  and  adhering  together,  in  like  manner  as 
we  obferve  in  fugar-candy.  Now,  whether  this  appearance  was  corn- 
pofed  of  falts  in  the  blood,  or  falts  in  the  milk,  or  both,  Ï am  not 
able  to  difcover. 

I feveral  times  applied  a drop  of  the  before-mentioned  filtered 
liquor  to  my  tongue,  and  1 judged  it  to  have  more  of  a bitter  than  an 
acid  tafte  ; whereupon  I confidered,  whether  its  property  to  curdle.; 
milk,  might  not  be  derived  from  the  gall 
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I therefore  went  to  a butcher's,  to  fee  whether  the  gall  was  not 
emptied  into  the  maw,  but  I found  that  the  gall  bladder  did  not  dif- 
charge  its  contents  into  the  maw,  but  farther  down,  where  the  bowel 
grows  narrower  ; this  gallbladder  I caufed  to  be  cut  off  fo  as  to  leave 
the  veflel  through  which  the  gall  paffes,  joined  to  the  bowel,  and 
having  bound  both  ends  of  thefe  with  a thread,  I inflated  the  gall» 
veflel  with  wind,  but  I found  the  parts  to  be  fo  contrived  that  not  the 
leaft  portion  of  wrater,  or  even  of  air,  could  pafs  out  of  it  into  the 
maw. 

When  fome  of  this  Runnet  had  flood  with  a little  water  on  it  in  a 
glafs,  for  the  fpace  of  two  days,  it  acquired  as  acrid  a fmell,  as  we  per» 
ceive  in  four  curdled  milk. 

I at  one  time,  received  from  a butcher,  the  gall  bladder  of  a calf, 
which  was  entirely  void  of  gall,  whence  I fuppofed  that  its  contents 
had  been  1 pilled  by  accident,  but  1 afterwards  underftood  that  no  gall 
had  been  in  it,  and  that  the  like  appearance  was  often  obferved. 

But,  what  fhall  we  fay,  when  we  fee  in  how  high  eftimation  tobacco 
is  held,  and  acids  altogether  condemned  ; as  if  all  our  bodies  were 
exaéfly  of  the  fame  difpofition  or  confutation. 

For  my  part,  I have  for  many  years  been  ufed  to  fmoke  tobacco  for 
the  cure  of  the  tooth-ach,  but  I have  often  found  that  before  I fmoked 
half  a pipe,  I was  fo  fick,  as  to  be  obliged  to  lie  down  near  the  fire,  and 
fo  much  difordered,  that  I could  not  even  endure  to  be  fpoken  to  ; 
whereas,  on  the  contrary,  every  kind  of  acid,  whether  ufed  in  food,  or 
taken  by  itfelf,  agrees  perfeétly  well  with  me.  In  fhort,  we  can 
much  better  judge  for  ourfelves  as  to  what  agrees  or  difagrees  with 
our  confiitutions,  than  pretend  to  advife  other  people  what  is  good 
diet,  or  the  contrary. 

With  regard  to  the  curdled  milk,  which  I have  mentioned  to  be 
taken  out  of  the  calf  in  hard  pieces,  it  feems  to  me  probable,  that  the 
milk  at  firlt  was  but  lightly  curdled,  and  that  the  frequent  contrac- 
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tions  of  the  bowel  where  it  lay,  which  in  the  courfe  of  nature  are 
performed  many  times  in  a minute,  were  the  caufe  of  its  being  found 
in  that  ftate. 

Seeing  now,  how  powerfully  coagulation  is  performed  in  animals, 
we  may  conclude,  that  fomething  of  the  fame  kind  mu  ft  take  place 
with  the  food  in  our  own  ftomachs,  in  order  to  render  the  fame  nu- 
tritive to  us.  And  who  can  tell,  how  far  fuch  coagulation  may  take 
place,  not  only  with  milk,  but  alfo  with  wine,  vinegar,  fait,  and 
other  parts  of  our  food  ? This,  however,  is  certain,  that  if  a fucking 
child  cafts  up  the  milk,  on  account  of  having  fwallowed  more  than  its 
ftomach  can  contain,  fuch  milk,  though  juft  before  taken  from  the 
breaft,  is  in  a curdled  ftate ; confequently  we  muft  conclude,  that 
coagulation  in  our  ftomachs  is  a neceffary  part  of  the  animal  ceco- 
nomy. 

If  milk  in  the  ftomachs  of  fmall  animals  was  not  curdled,  it 
would  in  a few  hours  pafs  through  their  inteftines,  and  afford  but 
little  nourifhment  to  their  bodies.  And,  in  this  opinion  I have  been 
confirmed  by  the  experience  of  the  butchers,  from  whom  I find,  that 
when  the  excrements  of  calves  or  fucking  lambs  are  thin  and  fluid, 
they  thrive  but  little,  and,  that  at  thofe  times,  no  curdled  milk  is 
found  in  their  ftomachs. 

I am  aware,  that  thefe  my  obfervations,  may  difpleafe  feme 
perfons,  as  thinking  that  herein  I am  going  out  of  my  province  ; 
but,  thofe  confiderations  weigh  little  with  me,  forafmuch  as  every 
judicious  perfon  knows,  that  Phyficians  themfelves,  in  many  things, 
proceed  merely  by  guefs,  and  therefore,  I afiume  to  myfelf  the  liberty, 
of  offering  my  conjeótures  on  this  fubjeóh 


( i6o  ) 


ADDITION  BY  THE  TRANSLATOR. 

% 

AlmoA  all  the  arts,  which  contribute  to  the  fupport  or  comfort  of  human 
[life,  have  been  the  refultoflong  and  repeated  experience.  I will  inAance  in  the 
two  moll  neceffary  articles  of  food,  which  are  bread  and  beer,  refpebting 
which,  a celebrated  writer  of  the  laA  age  thus  expreffes  himfelf : — 44  The  arts  of 
44  brewing  and  making  bread  have,  by  flow  degrees  been  brought  to  the  per- 
44  fedtion  they  now  are  in,  but,  to  have  invented  them  at  once,  and,  * a prior  i, 
44  would  have  required  more  knowledge  and  deeper  infight  into  the  nature  of 
44  fermentation,  than  the  greateft  Philofopher  has  hitherto  been  endowed  with  ; 
44  yet  the  fruits  of  both,  are  now  enjoyed  by  the  meaneA  of  our  fpecies.” 

Cheefe,  however,  another  principal  article  of  food,  at  leaA  among  the 
poor,  was  moA  probably  brought  into  ufe,  a priori , by  adverting  to  the 
change  made  in  milk,  from  a fluid  to  a folid,  in  the  Aomach  of  the  calf,  and 
by  imitating  nature  in  the  manner  defcribed  in  the  .preceding  Eflay.  To 
preferve  the  concreted  or  hardened  fubAance,  in  a wholefome  Aate,  for  a 
length  of  time,  human  invention  added  fait,  and,  by  thefe  two  eafy  operations, 
is  produced  that,  which  is  now  a luxury  to  the  rich,  and  a fupport  to  the 
poor. 

How  the  change  in  milk,  by  the  mixture  of  Runnet,  is  produced,  Mr. 
Leeuwenhoek’s  induAry,  we  fee,  has  not  been  able  to  difcover ; we  can  only 
therefore  admire  the  manner  in  which  nature  operates,  to  produce  this  effedh 
For,  there  is  no  other  known  fubAance  that  fo  effedtually  curdles  milk,  and, 
though  the  tafle  of  Runnet  is  of  itfelf  very  naufeous,  yet  none  of  this  difa- 
greeahle  taAe  is  imparted  to  the  curd  ; on  the  contrary,  that  which  is  called 
cream  cheefe,  or  new  cheefe,  being  merely  the  curd,  without  any  mixture  of 
fait,  is  of  a fweet  and  delicious  taAe,  and  is  produced  as  a dainty  at  our 
tables. 

* The  expreflion,  a priori,  means,  in  logic,  or  in  practice,  to  argue  or  to  a£t  upon  known 
,and  eftablifhed  principles,  from  whence  a certain  concluiion  or  effect  enfuesj  a pojhriori 
means,  where,  arguing  from  theeffedt,  we  trace  it  backwards  to  its  caufe. 


Of  the  Snail  or  Inf e Si  found  on  the  Vine , alfo  on  the  nature  of  Sage , and 
whence  its  virtue  proceeds ; with  fame  obfervations  on  the  manner  in 
zvhich  different  animals  emit  their poifon. 


A Gentleman  of  fome  confequence  in  this  country,  upon  a certain 
time,  put  into  my  hands,  a parcel  of  fmall  whitifh  eggs,  together  with 
fome  dry  earth,  in  which  they  were  found  ; and  defired  that  I would 
endeavour  to  difcover  what  fpecies  of  animal  would  be  produced 
from  them.  The  axis  of  thefe  eggs  was  nearly  equal  to  one  fifteenth 
part  of  an  inch. 

One  of  thefe  I differed,  and  found  in  it  a thin  fluid,  mixed  with 
round  particles,  or  globules  ; the  reft  of  them  I put  into  a glafs,  but 
their  contents  in  a few  days  entirely  evaporated,  and  the  fhells,  which 
were  very  brittle  and  tender,  upon  the  liquid  they  contained  being 
exhaufted,  became  fhrivelled,  fo  that  no  living  creature  proceeded 
from  them. 

The  following  year,  the  fame  gentleman  brought  to  me  fome 
more  of  thofe  kind  of  eggs,  which  I treated  in  the  fame  manner  as 
the  former,  but  with  no  better  fuccefs. 

In  the  month  of  July,  in  the  third  year,  I received  from  the  fame 
perfon  a larger  parcel  of  thofe  eggs,  which  were  mixed  with  about 
an  handful  of  moift  earth. 

Seeing  this,  I began  to  confider,  that  perhaps,  the  reafon  why  the 
liquor  being  evaporated  from  the  former  eggs,  had  thereby  prevented 
their  producing  any  living  creature,  was,  that  in  dry  earth  they  be- 
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came  barren,  and  that  in  their  qature  they  required  to  be  kept  moift ; 
confequently,  that  if  I treated  them  in  the  fame  manner  as  the  former, 
I fhould  never  obtain  my  wilh  to  difcover  their  fpecies.  I therefore 
put  thefe,  and  the  moift  earth  wherein  they  lay,  into  a glafs  tube, 
about  ten  inches  long,  and  three  quarters  of  an  inch  wide,  one  end 
of  which  1 had  doled  together  by  heat,  and  the  other  I flopped  with 
a cork,  by  which  means  whatever  moifture  might  evaporate  from 
the  earth,  would  be  confined  by  the  glafs,  and,  there  condenfing,  the 
greater  part  of  it  would  fall  back  on  the  earth,  and  keep  it,  and  the 
eggs,  always  moift. 

This  tube  I placed  in  my  clofet,  lo  as  to  be  continually  in  the  way 
of  my  notice,  and,  after  feme  days,  I law,  to  my  great  furprize,  two 
fmall  * Snails,  of  that  fpecies  which  infeft  the  branches  of  vines,  (and 
which  are  called  by  us  Wyngaart- (lakken,  Vine-fnails  or  Vine-dugs) 
on  the  infide  of  the  tube,  and  which  had  crept  out  of  the  earth  con- 
tained in  it. 

I then  took  out  of  the  tube  an  egg,  or  rather  what  was  now  become 
a fmall  Snail,  with  part  of  the  egg  fheil  adhering  to  it,  and  put  it  into 
a fmaller  tube,  in  order  to  examine  it  by  the  microfcope  more 
accurately;  and  thereupon  I perceived  in  one  of  the  horns  a very  ra- 
pid motion,  performed  in  a vefiel,  apparently  an  artery,  and  which  I 
judged  to  be  about  one  fourth  part  the  fize  of  an  hair.  This  motion 
was  not  an  uniform  or  continued  one,  but  by  fits,  or  pulfes,  and,  fo 
quick,  that  I judged  the  juices  in  the  vefiel  were  propelled  forward, 
three  times  within  the  period  of  one  pulfation  in  the  human  body ; 
and  I concluded,  that  this  vefiel  muft  certainly  be  an  artery,  and  not 
far  d i flant  from  the  heart,  becaufe  the  quick  pulfations  I have  noted, 
could  not,  otherwife,  have  been  fo  diftindlly  feen. 

The  next  morning  this  fmall  Snail  was  dead  ; as  I guefled,  for  want 
of  food,  for  the  others  of  the  fame  fize,  which  were  in  the  larger 

* Mr.  Leeuwenhoek  has  not  given  a figure  of  this  animal. 
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tube  with  the  earth,  continued  alive;  the  next  day  more  of  the  fame 
kind  of  Snails  came  out  of  the  eggs,  and  the  third  day  many  more. 

I often  contemplated  one  of  thefe  Snails,  while  adhering  to  the  in- 
fide of  the  glafs  tube,  and,  with  great  pleafure,  1 faw  through  its  fhell 
(which  was  fo  pellucid  as  to  tranfmit  the  light ) a part  of  its  body  not 
larger  than  a grain  of  fand,  and  of  an  oval  lhape,  which  alternately 
was  contradi ed  and  extended,  each  alternate  motion  being  performed 
in  the  fame  fpace  of  time  as  is  required  to  pronounce  diftindlly  a word 
of  four  fyllables.  This  little  point  or  corpufcle,  I deemed  to  be  the 
creature's  lungs,  and  the  reciprocating  motion,  that  of  refpiration. 

I have  formerly  often  difleéted  thefe  kind  of  Snails  found  on  Vines, 
chufing  for  that  purpofe  the  largeft  I could  find,  in  order,  if  poffible, 
to  difcover  the  manner  of  their  generation,  and  whether  any  young 
ones  were  to  be  found  in  them,  but  hitherto  without  any  fuccefs  ; and 
now,  almoff  by  accident,  and  with  little  trouble,  I plainly  perceived 
that  thefe  creatures  were  propagated  by  laying  eggs. 

It  has  frequently  been  matter  of  great  wonder  to  me,  to  obferve 
in  the  fpring,  young  Snails  of  this  fpecies  on  the  Vine  branches,  when 
1 could  mot  conceive,  how  they  could  have  been  bred  and  brought 
forth  fo  early  in  the  feaforn  But,  fince  it  now  appears,  that  they  are 
produced  from  eggs,  the  difficulty  ceafes,  becaufe  we  can  eafily  con- 
ceive how  thefe  animals  may  be  hid  in  the  earth  all  the  winter  in 
the  egg,  and  break  out  from  thence,  as  foon  as  the  firft  warmth  of 
the  fpring  returns. 

I have  likewife  often  obferved  full  grown  Snails  of  this  fpecies, 
whofe  111  ells  were  covered  with  earth  or  clay,  as  if  they  had  been 
newly  dug  out  of  the  ground,  and  never  could  fatisfy  myfelf  as  to  the 
caufe ; hut  this  is  alfo  now  accounted  for,  becaufe,  as  they  muft 
creep  into  the  earth  to  depofit  their  eggs,  it  is  natural  to  fuppofe  that 
fome  portions  of  earth  or  clay  may  be  left  flicking  to  their  (hells  or 
horns.  And,  if  any  perfon  fliould  wonder  how  thefe  creatures  can 
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creep  into  the  earth,  1 can  fatisfy  him  in  that  point,  from  my  own 
experience  ; for  I have  frequently  feen,  after  I had  picked  feveral  of 
them  off  the  tree,  and  not  only  thrown  them  on  the  ground,  but  profi- 
led them  with  violence  into  the  earth,  by  tramping  on  them  with  my 
foot,  yet,  in  a (hort  time,  if  their  (hells  efcaped  unhurt,  they  would 
find  their  way  out  again. 

In  the  month  of  Auguft,  I invited  the  friend  I have  mentioned,  to 
my  houfe,  and  acquainted  him  with  the  manner  I had  treated  the  eggs 
he  had  fent  me,  and  (hewed  him  the  Snails  which  they  had  produced, 
with  which  he  was  greatly  plea  led  ; and  told  me  he  had  rather  fup- 
pofed,  that  the  fpecies  of  lizard  commonly  called  Efts  would  have 
been  the  produce.  The  next  day,  he  brought  to  me  a very  large 
Snail  of  this  fpecies,  the  furface  of  whofe  (hell  was  covered  with 
moift  earth,  juft  as  if  it  had  newly  crept  out  of  the  ground  ; and  he 
informed  me,  that,  while  he  was  bringing  it,  he  perceived  it  lay  an 
egg.  Hereupon,  I put  this  Snail  into  a glafs  tube,  about  ten  inches 
long,  and  wide  enough  to  give  it  full  liberty  of  moving  about ; and 
within  half  an  hour  it  laid  feven  eggs,  which  Ï perceived  (licking  to 
the  glafs,  and  in  two  hours  time  as  many  more  ; but,  when  next 
examined  it,  I found  that  in  creeping  about  the  glafs  it  had  broken 
them  all,  and  in  two  days  it  died,  as  I fuppofefor  want  of  food,  with- 
out laying  any  more  eggs. 

The  fmall  Snails,  which,  as  I before  mentioned,  were  produced 
from  the  eggs,  did  not  live  above  two  or  three  days,  and  I perceived 
that  the  (hells  from  whence  they  had  iffued  were  very  white,  but  the 
remainder  of  the  eggs  which  had  not  produced  any  young  ones, 
and  were  barren,  were  of  a dark  colour,  and  of  a watery  appearance. 

It  being  now  demonftrated  by  the  foregoing  obfervations,  that 
thefe  Snails  are  produced  from  eggs,  the  old  eftablifhed  error  mu  ft 
be  abandoned,  which  thofe  adopt,  who  dream  that  thefe  creatures 
are  produced  from  corruption,  or  the  decayed  leaves  of  trees ; and 


( 1%  ) 


thence  conclude,  that,  if  fuch  leaves  are  not  taken  out  of  gardens, 
thele  Snails  will  be  bred  from  them.  Whereas,  we  ought  rather,  on 
confidering  the  matter,  to  fay,  that  if  the  leaves  which  fall  in  autumn 
are  left  in  gardens,  the  eggs  depofited  by  thefe  Infeóts  in  the  ground, 
the  furface  of  which  is  covered  with  fuch  leaves,  will  be  the  better  1 
defended  from  the  winter's  cold,  and  confequently  more  of  thofe  ani- 
mals will  be  produced  in  the  following  fummer. 


A certain  Author,  of  the  name  of  Kircher,  having  publifhed  to  the 1 
world,  that  he  had,  by  his  microfcope,  difcovered  on  the  leaves  of  Sage 
fomething  like  a fpider's  web,  woven  by  fome  final!  infeót,  and  hav- 
ing  thereupon  founded  an  affertion,  that  thofe  who  fhould  eat  of  Sage 
leaves,  without  wafhing  them,  would  be  poifoned,  I was  requefted  by 
lome  learned  friends,  to  examine  into  the  truth  of  this  affertion. 

I had  many  years  before  this  time,  frequently  infpected  the  leaves 
of  Sage,  and  always  found  that  they  were,  in  many  places,  covered 
with  fmall  globules,  but  t never  perceived  on  them  any  animalcules, 
nor  their  eggs,  even  by  the  affi  fiance  of  the  microfcope. 

Upon  this  occafion,  I procured  fome  Sage,  not  only  the  green  fort, 
but  that,  which,  becaufe  its  leaves  are  yellow  at  the  edges,  is  called 
variegated  Sage.  This  I examined  by  the.  microfcope,  and  per- 
ceived the  leaves  to  be  covered  with  many  capillary  or  hairy  parts,  too 
fmall  to  be  difcerned  by  the  naked  eye  ; and  fo  ciofely  fet  together, 
that  there  was  not  a place  in  the  leaves,  of  the  breadth  of  an  hair 
without  them,  and,  I cannot  give  them  a better  name,  than  capilla- 
ments,  or  fmall  hairs,  becaufe,  like  the  hairs  of  animals,  they  all  ter- 
minate in  a fharp  point.  And  I fuppofe,  that  Kircher  had  ima-  • 
gined  thefe  capillaments  to  be  the  webs  of  fpiders. 

At  the  extremities  of  many  of  thefe  capillaments,  I perceived  cer- 
tain globules,  which,  through  the  microfcope,  appeared  no  larger. 
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than  grains  of  fand  feen  by  the  naked  eye ; and  thefe  globules  feemed 
to  me  to  be  filled  with  an  oily  fubftance.  But  I could  not  difcern 
the  leaft  trace  of  any  living  animalcules  on  the  furface  of  nhe  leaves, 
and  I am  certain,  that,  had  there  been  any  fuch,  though  an  hun- 
dred millions  of  degrees  lefs  than  a grain  of  fand,  they  would  have 
been  vifible  by  my  microfcope. 

This  oil,  wherein  the  virtue  of  Sage  confifts,  is  produced  on  every 
leaf  of  it  in  fuch  abundance,  as  no  one  would  believe,  but  from  expe- 
rience ; infomuch  that  one  can  fcarcely  touch  a leaf  of  Sage,  but  an 
incredible  quantity  of  oily  particles  will  adhere  to  the  fingers. 

My  admiration  was  greatly  excited,  by  obferving  that  the  greater 
number  of  the  capillaments  I have  mentioned,  were  formed  with  three 
joints,  and  fome,  which  flood  on  the  veffels  of  the  leaves,  with  four. 
Thefe  joints  1 do  not  remember  to  have  feen  in  the  capillaments  on 
any  other  leaf,  but  whether  that  is  to  be  attributed  to  my  want  of  at- 
tention, 1 do  not  know. 

When  Sage  is  dried,  its  leaves  exhibit  a whitifh  colour,  and  that  is 
can  fed  by  thefe  capillaments,  which,  lying  thick  one  on  another,  do, 
by  their  tranfparency,  produce  that  whitenefs. 

This  fame  Kircher,  in  his  writings,  gives  it  as  his  opinion,  that 
Sage,  and  alfo  Fennel,  are  very  wholefome  herbs,  but,  that  in  them  is 
produced  a maggot,  which,  being  inadvertently  eaten,  will  caufe 
grievous  fymptoms,  and  even  death  itfelf ; and  he  moreover  pretends 
to  have  found  by  experience,  that  there  is  no  plant  which  does  not 
breed  fome  maggot  or  moth  ; but  finely,  if  he  had  been  provided  with 
a good  microfcope,  and  had  underftood  how  to  ufe  it  in  the  diffeéfion 
and  examination  of  minute  animals,  he  never  could  have  broached 
fuch  abfurdities. 

For  my  part,  it  is  my  fixed  and  fettled  opinion,  that  no  leaf,  no  tree, 
nor  any  root,  ever  did,  or  ever  can,  produce  or  breed  any  animal  en- 
dued with  life  and  motion.  But,  a fmall  animal  may  lay  its  eggs,  or 
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depofit  its  young,  on  the  leaf  or  fruit  of  a tree,  which  young  one, 
when  depofited,  or  when  hatched  from  the  egg,  may  make  its  way 
into  the  leaf  or  fruit,  and  there  find  nourifhment  to  promote  its 
growth. 

It  is  an  eftablifiied  axiom  among  Philofophers,  that,  no- 
thing can  come  of  nothing  ; how  then  can  a being  or  fubftance  void 
of  motion,  produce  a creature  endued  with  motion  and  life  ? And 
this  is  certain,  that,  whenever  we  diffeéï  or  examine  fmall  animals, 
the  wonderful  fabriek  of  their  bodies,  both  externally  and  internally, 
ftrikes  us  with  aftonifhment. 

As  to  the  opinion,  that  venomous  animals  do  Hied  their  poifon  on 
fruits  or  leaves,  I do  not  fee  that  this  can  be  faid  of  the  Scorpion,  nor 
that  poifonous  ferpent  called  the  Rattle  Snake,  neither  of  the  Spider, 
nor  the  Indian  Millepeda,  becaufe,  as  far  as  I can  underhand,  they 
have  not  power  to  hurt,  by  fpitting  or  voiding  their  poifon  on  any 
objeél,  becaufe  they  cannot  caft  it  to  any  diftance,  but  they  do 
mifehief,  by  injecting  it  into  a wound  made  in  the  flefh.  But,  it  is 
pofiible  for  the  Frog  and  Toad  to  infedt  plants  with  their  venom,  for 
I have  more  than  once  obferved  thofe  animals,  when  irritated,  ejedt  a 
kind  of  water, in  a ftream,  from  their  pofteriors,  which  water  pofiefies 
an  extraordinary  corrofive  acrimony.  This  property  was  firft  expe- 
rienced here,  by  a refpefiable  perfon,  who,  in  fifliing  for  Jack,  tiled 
young  frogs  for  a bait ; and  once,  while  he  was  fixing  a frog  to  his 
hook,  the  animal  on  a fudden  fcattered  a little  of  this  liquor  into  his 
eye,  which  produced  an  excruciating  pain  in  the  part. 

I have  often  taken  notice  of  a large  dog,  who  was  very  eager  in  the 
purfuit  of  mice,  'which  he  would  fwallow  whole,  without  chewing.  Fie 
was  alio  very  fond  of  hunting  frogs  and  toads,  and,  when  he  had  killed 
them,  by  biting,  he  ufed  to  throw  them  awray  ; but  at  thofe  times  his 
mouth  was  entirely  covered  with  froth  or  foam,  which  I attributed  to 
the  liquor  emitted  by  them.  This  was  moft  particularly  the  cafe,- 
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when  he  caught  a toad,  for  then,  he  appeared  almoft  mad,  violently 
[baking  his  head,  and,  great  quantities  of  froth  or  Haver  ifluing  out 
of  his  mouth  ; but  he  was  accuftomed,  before  he  began  to  bite  the 
toads,  repeatedly  to  take  them  in  his  mouth,  and  dalh  them  againft 
the  ground. 

This  virulent  liquid  in  frogs  and  toads,  they  do  not,  in  my  opinion, 
emit,  except  upon  extraordinary  occafions,  when  they  are  irritated, 
for  it  is  a natural  inftinót  in  all  animals,  carefully  to  preierve  that, 
which  Nature  has  given  them  for  their  defence.  So  the  Scorpion, 
whole  weapon  of  defence  is  his  fling,  does,  while  creeping  or  running 
along,  carry  the  point  of  the  fling  turned  inward,  towards  his  body, 
in  order  to  preierve  it  from  injury. 

This  fagacity,  and  the  other  faculties  we  obferve  in  animals,  cannot 
be  fuppofed  to  be  produced  fpontaneoufly,  nor  that,  with  the  crea- 
ture It  is  bred  from  corruption  or  putrefaction,  but,  we  ought  to  lay  it 
down  as  a certain  position,  that  theie  faculties  implanted  in  animals, 
M the  Beginning,  have  been,  by  a conflant  fucceffion,  tranfmitted  to 
their  offspring  ; forafmuch  as  we  are  not  to  fuppofe  that  any  new 
.animal,  or  fpecies  of  animals,  is  created  at  this  day.  In  a word,  the 
make  and  iiruéfure  of  every  creature,  and  the  powers  implanted  in  it, 
muff,  in  my  judgment,  be  afcribed  to  God  alone,  the  Creator  of  the 
Univerfe. 


***** 


On  Wheal , and  the  manner  of  its  vegetation  ; the  nature  of  the  fever al 
component  parts  of  that  grain  explained , and  their  .figures  deficribed 
as  fieri  by  the  microficope . 


feeds  contain  in  them  the  rudiments.,  or  firfl  beginning  plants. 


of  their  refpeótive  fpecies  ; that  is,  the  part  which,  in  the  progrefs 


of  vegetation,  fhoots  upwards,  and  forms  the  ftalk  or  fiem,  and  that, 
which  penetrates  downwards  into  the  earth,  and  is  called  the  root. 
Seeds  do  alfo,  for  the  moft  part,  contain  a farinaceous  or  mealy  fub- 


ftance,  which  affords  nourifhment  to  the  young  plants  until  the  roots 


are  of  a fufficient  lize  for  extracting  fupplies  from  the  earth,  to 
continue  and  perfeét  their  growth. 

Among  many  other  feeds,  I have  particularly  examined  the 
grains  of  Wheat ; and,  in  them,  the  young  plant  I have  mentioned, 
before  it  began  to  vegetate,  having  firft  either  put  them  in 
water  for  a Ihort  time,  or  held  a few  grains  in  my  mouth, 
merely  to  moiften  the  outward  membranes,  whereby  they  could  the 
eafier  be  taken  off  And,  having  feparated  the  two  external  mem- 
branes which  cover  the  young  plant,  I took  it  out  from  the  grain,  and 
placed  it  before  the  microfcope,  when  it  appeared  to  me  to  he  com- 
pofed  of  nothing  die  than  a collection  of  afcending  veflels,  with 
fome  flexures  or  bendings  in  them,  and  ibrne  minute  tubercles  or 
pimples,  which  pimples  1 conceived  to  be  only  can  led  by  the  evapo- 


rating of  the  moiftum 

In  Plate  VI.  fig . 1,  ABCDEF,  is  the  whole  of  this  begin- 
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ning  of  the  plant,  magnified  : EF  D,  are  the  parts  or  points  from 
whence  not  only  three  diftinfl  roots  will  grow,  but  they  are  alfo  the 
beginnings  of  three  feveral  Ipires  or  ftalks  of  Wheat ; for  the  minute 
protuberances  which  appear  at  F A,  and  C D,  are  two  diftinét  plants  : 
fo  that,  from  every  grain  of  Wheat  (which  is  well  worthy  of  obferva- 
tion)  there  will  arife,  not  merely  a fingle  ftalk,  but  three  diftinft  ones, 
which  are  formed  in  the  feed  itfelf.  And  as,  when  {peaking  of  arti- 
chokes, we  call  the  principal  or  uppermoft  fruit,  the  parent  artichoke, 
and  the  others  chicken  artichokes,  fo,  in  the  inftance  before  us,  we 
may  properly  name  the  uppermoft  plant,  which  appears  at  B,  and 
whofe  root  projects  lower  than  all  the  reft  at  E,  the  parent  plant,  and 
the  two  fmailer  ones,  at  F A,  and  D C,  the  two  chickens  or  fuckers. 

In  order  to  form  a computation  of  the  proportionable  fize  of  thefe 
firft  formed  plants,  I placed  them  befide  an  entire  grain,  which  l 
judged  to  be  four  times  their  fize  both  in  length  and  thicknefs,  whence 
it  follows,  that  each  grain  of  Wheat  is  fixty-four  times  larger 
than  the  three  feveral  young  plants  formed  in  it,  and  which  are  to 
receive  nourifhment  from  it,  in  the  beginning  of  their  vegetation. 

I cut  01T  a piece  of  this  young  plant,  by  a tranverfe  fe  ion,  acrofs 
the  part  where  the  three  vegetative  principles  I have  defcribed  arefitu- 
ated,  or  at  the  place  in  the  figure  from  F to  D,  only  to  fhew  how,  and 
in  what  order,  the  roots  (or  that  which  is  the  place  or  fouree  of  the 
roots  and  plants  in  this  feed)  do  lie  in  refpeót  of  each  other  ; and  alfo, 
to  point  out  the  multitudes  of  vedels  formed  in  them. 

In  fig.  2.  A B C,  is  the  firft  or  outward  membrane  or  covering,  which 
enclofes  both  the  plant,  and  the  whole  circumference  of  the  grain  of 
Wheat,  and  is  compofed  of  nothing  but  veflels  extending  length  wile, 
and  which,  being  cut  tranfverfely,  appear  in  this  membrane  as  they 
are  fhewn  in  the  figure,  particularly  at  B,  where  may  be  feen  a few 
of  thefe  veflels,  pref enting  part  of  their  fides  to  the  eye.  The  fecond 
membrane  or  covering,  is  in  part  {hewn  at  DEF. 


Flate  VI. 
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The  reafon  why  thefe  membranes  appear  at  fo  great  a di fiance  from 
HI  K,  the  three  young  plants,  is,  that  this  grain  of  Wheat  was  very 
much  dried,  and  therefore,  in  the  cutting,  the  membranes  were  ealiiy 
feparated  from  the  farinaceous  part,  where  the  young  plants  are 
placed ; but  when  the  plants  and  the  mealy  fubftance,  lying  in  the 
fpace  marked  by  the  letters  D H I K F G D,  are  a little  moiftened, 
they  very  foon  fwell  fo  much,  as  to  fill  up  the  whole  fpace  HEKI. 
This,  however,  is  the  cafe  in  but  few  grains  of  Wheat,  for,  when  the 
young  plants,  and  the  fubftance  wherein  they  lie,  contract  in  drying, 
the  membranes  which  inclofe  them  contra  d like  wife,  they  being, 
generally,  all  clofely  united  or  adhering  together. 

At  the  letters  H IK,  are  (hewn  the  three  beginning  ftalks,  or  roots, 
of  the  future  plants,  as  cut  tranfverfely  ; and,  in  thefe,  the  vefleis 
would  have  been  much  more  confpicuous  than  here  represented,  had 
it  not  been,  that  in  the  cutting  them  (although  the  knife  I ufed  was 
very  fharp)  they  were  filled  up  or  flopped ; but,  though  by  moi fell- 
ing, and  then  cutting  them,  the  vefleis  appeared  more  diftind,  yet, 
no  Sooner  did  the  moiflure  evaporate,  than  they  contracted  themfeives 
in  Such  an  irregular  manner,  as  to  be  much  lefs  confpicuous  than  at 
firft.  And,  as  to  thole  which  were  vifible,  the  limner  continually  com- 
plained, that  it  was  impoffible  for  him  to  reprefent  in  his  drawing,  the 
multitudes  of  Slender  vefleis  which  he  Saw, 

The  Sub  fiance  wherein  the  young  plants  of  Wheat  are  contained, 
(which  is  very  little  in  quantity)  appears  of  a different  colour  from 
the  mealy  part  of  the  grain,  by  real  on,  that  the  globules  which  com- 
pofe  it,  are  not.  Singly,  fo  pellucid,  and  therefore  do  not,  altogether,  ap- 
pear fo  white,  as  the  meal  which  compofes  the  greateft  part  of 
Wheat.  And  thefe  two  Sub  fiances  are  divided  from  each  other,  by  a 
third,  of  a fill  brighter  colour  than  the  white  meal,  as  in  the  figure 
is  fliewn  at  D G F. 

If,  in  this  figure,  I had  caufed  the  whole  circumference  of  the  grain, 
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thus  cut  tranfverfely,  and  magnified,  to  be  delineated,  it  would  have 
occupied  too  much  fpace  in  the  paper  ; and  therefore,  I only  included 
lb  much  of  the  mealy  part  of  the  grain,  as  is  exprefled  between  the 
letters,  a,  D,  G,  F,  c. 

Ï have  given  afigure  of  the  vefiels  compofingthe  external  fhell,  hulk, 
or  covering  of  Wheat,  becaufe,  contrary  to  what  is  generally  obferved, 
they  do  not  end  in  a tubular  fhape,  but  grow  out  into  a kind  of  hairs. 

Fig.  3,  GHIKLM  reprefents  a very  fmall  piece  of  this  outward 
hulk,  which,  when  ground,  and  feparated  from  the  meal,  is  denomi- 
nated Bran.  Here,  not  only  are  to  be  feen  the  multitudes  of  vefiels 
whereof  it  confifis,  but  alfo,  how  at  their  extremities,  they  grow  out 
beyond  the  grain,  and  terminate  in  hairy  points,  as  at  I K L. 

The  fecond  membrane,  lying  within  the  firfi,  exhibits  a cu- 
rious fpeétacle,  on  account  of  the  tranfverfe  courfe  of  the  vefiels,  in  a 
different  direótion  from  theformer;  and  at  fig.  4,  ABCDEF,is  (hewn 
an  exceeding  fmall  particle  of  it,  wherein,  though  it  is  no  more  than 
can  be  covered  by  a grain  of  fand,  the  wonderful  courfe  of  thofe  nume- 
rous minute  vefiëls  is  plainly  to  be  feen.  And,  as  it  is  truly  faid,  that 
nothing  is  made  in  vain,  we  cannot  fufficiently  admire  this,  and  fimilar 
obj  efis,  when  viewed  by  the  micro fcope. 

In  the  fame  figure,  at  D and  E,  may  be  feen  fome  of  thofe  globules 
which  compofe  the  mealy  fub  fiance  of  Wheat,  lying  within,  what  feemed 
to  me  at  firfi,  an  exquifitely  thin  pellicle,  like  a third  membrane, 
but  was,  in  reality,  only  the  finer  part  of  the  meal. 

I many  times  endeavoured  to  trace  in  the  young  plant,  while  in  the 
feed,  the  veftige  or  firfi  formation  of  the  ear,  but  all  my  endeavours, 
even  with  the  a ffi  fiance  of  my  micro fcopes,  were  fruitlefs,  though  I 
was  well  allured  in  my  own  mind,  that  it  did  there  exift  : at  length,  to 
fatisfy  myfelf,  if  poffible,  in  this  refpecfi,  I took  a fmall  brafs  box,  and 
almoft  filled  it  with  that  fort  of  white  fand  called  fcowering  fand, 
on  the  furface  of  which  I placed,  upright,  about  fixteen  grains  of  Wheat* 
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and,  after  ft  rowing  more  fand  on  them,  to  about  the  thicknefs  of  the 
back  of  a knife,  I moiftened  the  fand  with  rain  water  ; and,  becaufe 
the  weather  was  extremely  cold,  it  being  in  the  mid  ft  of  winter,  I car- 
ried the  box  about  with  me  in  my  pocket. 

At  the  end  of  four  days,  foine  of  the  grains  had  put  forth  fhoots  to 
the  breadth  of  a finger  : one  of  thefe  (hoots,  I cut  off  clofe  to  its  root, 
and,  opening  it,  I took  out  the  middle  part  of  the  plant,  wherein,  by 
the  help  of  the  microfcope,  I perceived  fome  minute  leaves,  and,  from 
their  appearance,  I was  well  allured  that  the  ear  between  them  had 
increafed  in  fize,  though  I could  not  diftinótly  perceive  it. 

After  carrying  the  box  and  the  remaining  grains  in  my  pocket  four 
da}rs  longer,  I opened  it  again,  and,  taking  out  from  one  of  the  (hoots 
that  part  which  conftfted  of  the  innermoft  leaf,  immediately  inclofing 
the  ear,  I placed  it  before  the  microfcope,  directing  the  limner  to  make 
a drawing  of  it,  as  it  appeared  to  him.  This  is  (hewn  at  fig.  5, 
AB  C D,  where  ABD,  is  the  young  ear,  and  BCD,  the  inner  leaf 
inclofing  it. 

At  the  end  of  four  days  more,  being  the  twelfth  day,  I opened 
another  of  the  grains,  and,  having  feparated  the  young  leaves  a little 
afunder,  I was  much  more  confident  than  before,  that  I difcerned  the 
ear ; this  alfo  I caufed  to  be  drawn  from  the  microfcope,  as  at  fig.  6 . 
EFGH. 

From  thefe  obfervations  we  may  be  fully  allured,  that  warmth  and 
water,  will,  of  themfelves  alone,  promote  the  growth  of  plants. 
And  alfo,  that  God,  the  ail-wife  Creator  of  the  Univerfe,  does  not 
create  any  new  fpecies  of  Things  on  this  Earth,  but  that,  at  the  Be- 
ginning, he  fo  ordained  and  conftituted  all  things,  that,  his  Creation 
being  perfect,  the  feeds  of  plants,  when  come  to  maturity,  (hall 
produce  or  contain  in  themfelves  ( however  undifcoverable  by  us ) 
the  part  or  vegetative  principle  of  the  future  plant,  which,  in  its 
due  time  will  be  produced,  and  that,  in  all  refpedts  conformable  to  the 
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original  plant.  And  this,  I take  to  be  a certain  truth,  which  prevails 
not  only  in  plants,  but  in  all  living  creatures  whatfoever. 

I was  defirous  to  examine,  whether  in  the  vegetation  of  corn,  there 
would  he  as  great  a number  of  radicles  proceed  from  the  firft  root,  as  I 
had  obferved  in  grabs,  and  for  this  purpofe,  Ï took  a glafs  tube,  about 
half  an  inch  in  diameter,  and  three  inches  long;  having  flopped  this 
at  one  end,  I filled  it  rather  more  than  two  third  parts  with  dry  fand, 
which  i moiftened  with  rain  water,  and  prefifed  it  gently  together  to 
keep  it  in  its  place,  and  then  depofited  it  in  three  grains  of  Wheat, 
flopping  alfo  the  other  end. 

This  glafs  tube  I frequently  carried  in  my  pocket,  and  in  three  or 
four  days,  the  Wheat  began  to  put  forth  roots.  On  the  feventh  day, 
the  roots  were  fo  far  grown,  that  I could  mo  ft  plainly  difcern  them  to 
be  compofed  of  wonderfully  minute  tubes,  each  of  which  was  formed 
with  joints,  as  are  to  be  feen  in  reeds  or  ft  raws. 

The  diameter  of  thefe  roots  was,  as  near  as  I could  compute, 
about  the  fixtieth  part  of  an  inch,  and,  at  the  extremities,  they  were 
obtufe  or  rounding,  like  the  ends  of  thofe  quills  which  are  taken  out 
of  the  wings  of  birds  i the  furface  of  them  was  very  fmooth  and 
fhining,  without  any  appearance  of  radicles  ifluing  from  them, 
excepting  near  the  grain,  where  numbers  of  exquifitely  minute  radicles 
were  to  be  feen. 

On  the  eighth  day,  the  young  germ  or  fhoot  had  grown  to 
the  length  of  three  quarters  of  an  inch,  the  roots  were  alio  fo  far 
grown  as  to  reach  the  bottom  of  the  tube,  whereupon  1 took 
out  the  cork,  and  they  then  protruded  themfelves  out  of  the  tube,  and 
I hoped  to  have  difcovered  in  them,  whether  there  were  the  fame 
joints  in  the  fmall  radicles  as  in  the  larger  roots  ; but,  in  the  fpace  of 
half  a minute,  the  moifture  in  them  was  fo  evaporated,  that  they  be- 
came contracted  into  irregular  Ihapes. 
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With  regard  to  the  fize  of  thefe  exceffivelv  minute  radicles,  I 
made  the  following  eft  i mate,  as  far  as  my  eye  could  judge.  Suppofmg 
the  diameter  of  them  to  be  as  1,  that  of  the  larger  root  from  which 
they  proceeded  muft  be  confidered  as  20,  and  confequently,  400  of 
thefe  (lender  radicles  taken  together  were  equal  to  the  fize  of  the  larger- 
root.  Now,  the  diameter  of  this  larger  root  being,  as  before  ob- 
ferved,  the  fixtieth  part  of  an  inch,  3600  of  thofe  roots  will  be  equal 
to  a cylinder  of  an  inch  diameter  ; and  if  this  number  be  multiplied 
by  400,  it  follows,  that  1,440,000  of  the  fmalieft  radicles  are  alto- 
gether equal  to  a cylinder  the  fize  of  an  inch. 

This  being  the  cafe,  we  may  naturally  conclude,  that  when  any 
plant  is  pulled  up  by  the  roots,  fuch  (lender  radicles  as  thefe,  not 
only  efcape  our  fight,  but  muft  almoft  all  be  broken  off,  unlefs  the 
earth  or  moift  fand  which  lurrounds  them  adhere  to,  or  is  taken  up 
with  them. 

After  thefe  very  (lender  radicles  I have  defcribed,  had  remained  in 
the  tube  three  or  four  days,  thole  parts  of  them  which  did  not  touch 
either  the  fand  or  the  glafs,  and  were  expofed  only  to  the  air  within 
the  cavity,  were  fo  dried  up  and  contracted  into  irregular  forms, 
that  they  appeared  like  parcels  of  wool,  or  the  threads  of  fine  linen 
tangled  together. 

In  the  month  of  April,  I took  up  in  a field,  which  in  the  preceding 
autumn  had  been  fown  with  Wheat,  fome  of  the  young  blades  or 
fhoots,  with  their  roots,  and  the  earth  adhering  to  them  : and  upon  ex- 
amining thefe,  1 obferved  nothing  vifible,  except  the  larged  Ihoot  or 
parent  plant,  which  was  by  far  the  largeft,  and  had  fhot  up  much  the 
higheft.  To  fhew  the  fize  of  this  plant,  I caufed  a drawing  to  be 
made  of  it,  which  is  to  be  feen  at  Jig.  7,  WX\  Z;  and  in  this 
plant  the  blade  being  fliot  up  to  the  height  of  about  four  inches, 
the  joints,  or  knots  in  the  (talk,  were  already  formed,  the  young  ear 
lying  at  the  end  next  to  the  root,  at  W. 
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Thig  plant,  peprelentcd  at  fig.  y,  I cut  open,  and  took  in  pieces, 
until  I perceived  the  fmalleft  leaves  of  all,  which  as  1 may  fay,  fur- 
rounded  the  ear ; thefe  alfo  I took  off",  and  then  the  ear  itfelf  was 
vifible,  which,  viewed  through  the  microfcope,  appeared  as  at  fig.  8, 
ABCDE.  But,  I did  not  deliver  this  Object  to  the  Limner,  until  I 


had  dilleófed  feveral  of  the  young  plants,  and  found,  that  they  were 
all  exaétly  of  the  fame  figure. 

At  the  expiration  of  nine  days  from  this  time,  I examined  more  of 
the  young  blades  of  Wheat,  but  did  not  perceive  any  change  in  the 
ear  worthy  of  note,  except  that  it  was  grown  fomewhat  higher  from 
the  root,  and  that  the  joints  or  knots  in  the  (talk,  were  more  plainly 
to  be  diftinguilhed. 


The  items  or  {talks  of  Wheat,  which,  after  the  grain  has  been 
tlirefhed  out  from  the  ear,  are  denominated  Straw,  appear  to  the  eye 
wonderfully  fmooth  and  firming,  the  outer  coat  of  them  being  compofed 
for  the  greater  part,  of  vefiels  incredibly  {lender,  with  here  and  there 
a few  larger  ones  intermixed  ; the  inner  part  is  compofed  of  larger 
vefiels,  all  which  I have  reprefented  as  nearly  as  poflible  to  Nature, 
in  the  following  figure. 

Fig.  <j,  ABC  DEL  is  a very  fmall  piece  of  Straw,  cut  tranfverfely, 
and  leen  through^the  microfcope : any  perfon,by  confidering  what  pro- 
portion the  arch,  or  curved  external  part  of  it,  marked  AF,  bears  to  a 
circle,  and,  comparing  the  fame  with  fo  much  of  the  known  diameter 
of  a Straw,  may  ealily  conceive  the  natural  fize  of  the  particle  here 
reprefented. 

, ABEF,  is  the  bark  or  outer  coat,  compofed  of  the  vefiels 
before  defcrihed  ; G G'GG,  are  the  vefiels  of  which  the  inner  part  for 
the  molt  part  confifts  ; they  are  of  four,  five,  and  fix  fides,  according 
as,  at  their  firlt  formation,  their  fhape  is  accommodated  to  thofe  ad- 
joining  them. 

HHHHj  are  vefiels  intermixed  with  the  laft  mentioned  ones,  and 


containing  in  them  ft  ill  (maller  veflels  ; in  thefe  veflels  I have  feen  the 
juices  (at  the  time  the  Wheat  ftalks  are  growing)  running  with  a 
wonderfully  rapid  courfe  ; and,  through  the  joints  or  valves  in  thole 
veflels  marked  G,  the  juice  was  carried  upwards,  which  juice  was  for 
the  greateft  part  compofed  of  globules  ; and  when  thefe  globules 
came  to  pafs  the  valves  where  the  paflage  through  the  veflels  is  very 
narrow,  they  affumed  an  oblong  figure,  until  they  came  into  a 
larger  fpace,  when  they  reafi limed  their  priftine  globular  (liape. 

Fig.  10  reprefents  thefe  afcending  veflels  cut  longitudinally,  and 
feen  through  the  microfcope,  being  the  fame  which  in  fig.  9,  are 
marked  GG  : at  I MI,  are  the  valves  1 have  mentioned,  and,  in  thofe 
parts,  the  paflages  through  the  veflels  are  the  mo  ft  narrow  or  con- 
fined of  all. 

The  ftaiks  of  Wheat,  are  formed  of  none  other  than  perpendicular 
or  afcending  veflels,  and  that,  in  my  judgment,  is  the  reafon,  why 
they  are  furnifhed  with  a kind  of  joints  or  knots,  at  certain  intervals, 
in  order  to  give  ftrength  to  them  ; and  that,  without  fuch  joints,  the 
ftalk  would  not  be  able  to  fupport  the  ear,  which  is  its  fruit.  This  is 
alfo  the  cafe  with  grades,  and  like  wife  with  reeds,  for  the  fame  rea- 
fon ; and  it  alfo  obtains  in  the  bodies  of  fome  trees.  In  thefe  northern 
parts,  indeed,  all  trees  are  provided  with  horizontal  veflels,  whereby 
they  have  a fuffi cient  ftrength  ; but,  in  the  warmer  climates,  where 
many  of  the  trees  have  no  other  than  perpendicular  veflels,  fuch  as  is 
the  cocoa-nut  tree,  the  want  of  horizontal  veflels  is  compensated,  by 
numbers  of  thefe  kind  of  joints,  formed  at  fliort  intervals,  through 
the  whole  length  of  the  tree. 

The  farinaceous  or  mealy  part,  of  which  the  grains  of  Wheat  are 
principally  compofed,  confifts  of  thofe  minute  globules  I have  before 
noticed.  Thefe  globules  are,  Singly,  tranfparent,  and  lie  clofely 
compacted  within  a kind  of  membranes,  fo  exquifitely  thin  and  trail  ft 
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parent,  that,  in  fome  places,  their  texture  is  not  to  be  difcerned.  A 
very  fmall  particle  of  one  of  thefe  membranes,  as  it  appeared  upon 
the  grain  being  cut  longitudinally,  is  fhewn  at  fig.  11,  EFGH; 
within  thefe  membranes  the  globules  of  meal  are  inclofed,  as  it  were, 
in  cells  ; and,  at  H,  fome  of  thofe  cells  are  reprelented,  filled  with  the 
globules  of  meal : the  natural  fize  of  this  figure,  is  no  more  than  can 
be  covered  by  a common  grain  of  fand. 

The  globules  of  meal,  are  of  very  different  fizes,fome  being  more 
than  an  hundred  times  larger  than  others,  and  fome  fo  fmall,  that  they 
almoft  efcape  the  view  of  the  microfcope.  In  order  to  give  the  reader 
fome  general  idea  of  their  minutenefs,  I took  one  of  the  larger  grains 
of  that  fort  of  pellucid  fand,  ufed  in  fcowering  or  grinding  ; this  grain 
of  fand,  together  with  fome  of  the  globules  of  meal  adhering  to  it,  I 
caufed  to  be  drawn  from  the  microfcope,  as  at  fig.  12,  ABC  D E.  In 
the  fame  figure,  FGH  denote  a fmaller  grain  of  fand  adjoining  to  the 
former.  IKLM  are  fome  of  the  larger  and  fmaller  globules  of  meal, 
lying  near  the  grains  of  land. 

I had  at  fir  ft  imagined  thefe  mealy  particles  to  be  quite  globular, 
but  I afterwards  found,  that  I had  been  miftaken  in  that  refpedfc;  and 
that  they  were  not  perfect  fpheres,  each  of  them  having  a kind  of 
creafe,  chink,  or  indenting,  like  that  which  we  fee  in  the  grains  of 
Wheat,  which  had  at  firft  efcaped  my  notice,  partly  from  the  extreme 
minutenefs  of  the  particles  themfelves,  and  partly  from  their  different 
pofitions  with  refpect  to  the  eye. 

Upon  viewing  thefe  mealy  particles,  and  the  indentings  in  them  I 
have  mentioned,  I began,  not  without  wonder,  thus  to  reafon  with 
myfelf.  Certainly  thefe  particles  of  meal  were  not  compofed  by  a 
concretion  or  • collection  of  ftill  fmaller  particles,  placed  fide  by  fide, 
as  is  obferved  in  fome  liquors,  fuch  as  wine  and  beer,  whofe  particles 
coagulate,  and  grow  together  in  maffes,  which,  in  the  former  we  call 
dregs,  and,  in  the  latter  tartar  ;but  the  particles  of  meal  muft  be  formed 
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in  Another  manner,  that  is,  not  by  coagulation,  but  by  growth.  And 
the  membranes  which  indole  them  in  cells,  muft  be  provided  with  fo 
many  veins  or  vefiels,  that  every  particle  of  meal  may  have  its  fepa- 
rate  vein,  whence  it  derives  its  fubftance  and  increafe,  in  like  manner 
as  the  eggs  of  fifhes  are  nourifhed  by  a ligament  or  veffel,  which  is 
obferved  not  only  in  the  larger  fifh,  but  in  thofe  very  minute 
eggs  which  are  feen  in  vaft  numbers  on  fhrimps.  Now,  if  the  parti- 
cles of  meal,  which,  though  not  ftriéüy  fpherical,  may  yet  be  termed 
globules,  had  not  acquired  their  growth  in  that  manner,  it  fhould 
leem  that  they  could  not  obtain  that  globular  figure. 

v CD  v j 

When  we  confider  the  tranfparency  of  every  one  of  thefe  globules 
'of  meal,  we  may  well  exclaim,  How' wonderful  is  this  formation, 
and  how  clofely  compacted  muft  be  the  fmalleft  particles  of  which 
each  globule  is  compofed,  to  give  it  that  tranfparency  ! 

I next  proceeded  to  examine,  whether  thefe  particles  of  meal  might 
not  be  globules,  inclofed  in  a certain  thin  membrane,  as  we  fee  is  the 
cafe  with  all  feeds  ; but  I cannot  be  confident,  that  I ever  did  bring 
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this  to  my  ocular  demonftration.  I then  broke  the  globules  in  pieces, 
and  imagined  that  I law  fmaller  ones  inclofed  in  them,  but  herein  I 
found  myfelf  mi  (taken,  for,  thole  globules  which  I faw  fcattered 
among  the  pieces,  were  fome  of  the  very  fmalleft  mealy  globules, 
collected  in  fmall  parcels. 

I then  ufed  my  utmoft  endeavours,  to  difcover  the  internal  hidden 
make  of  the  globules  of  meal,  wherein,  at  length,  to  my  great  fatif- 
faétion,  I fucceeded.  I placed  fome  of  them  on  a clean  glafs,  and 
mixed  them  with  a very  fmall  drop  of  water  : when  they  were  by 
this  means  feparated,  I poured  on  them  two  more  drops  of  water, 
and  brought  the  glafs  fo  near  to  the  fire,  that  in  the  fpace  of  a minute, 
the  water  was  all  evaporated.  Then,  bringing  them  before  the  mi- 
crofcope,  I perceived,  that  their  globular  form  was  changed  into  flat 
fhapes,  of  different  fizes,  according  to  the  different  magnitudes  of  the 
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globules  themfelvesr.  Many  of  them  had  a little  riling  in  the  middle, 
which  I judged  to  be  that  part,  through  which  they  had  received  their 

growth  and  increafe. 

This  convinced  me,  that  the  globules  of  meal  in  Wheat,  are 
covered  with  a fkin  or  fhell,  in  like  manner  as  the  Wheat  itfelf, 
for,  by  the  compreffion  and  flattening  of  the  figures  in  the  above 
e .periment,  they  would  have  been  difl'olved  or  feparated,  had  they  not 
been  confined  by  fome  fiich  covering,  I then  concluded,  that  the 
chinks,  creafes,  or  indentings  I have  noted  in  thefe  globules,  were  in 
thofe  parts  where  their  Ikins  had  a kind  of  feam  or  joining,  fo  that 
when  warmed  and  moiftened,  their  ikins  had  burft  open  at  thofe 
places,  and  the  globules  fubfided  into  a flat  fhape,  as  before  menti-* 
onech 

From  this  obfervation,  I was  induced  to  examine  the  grains  of  Wheat 
themfelves,  in  order  to  inveftigate,  how,  and  for  what  purpofe  they 
were  formed  with  thofe  indentings,  chinks,  or  creafes. 

For  this  purpofe,  I cut  pieces  oft' the  grains,  by  a tranfverfe  feóïion, 
and  examined  thofe  pieces  by  the  microfcope,  wThen  I found,  that  the 
fhell  or  hulk  takes  its  courfe  into  the  middle  of  the  grain,  and,  on  each 
fide,  returns  in  a curve  or  betiding  to  the  chink,  by  which  means,  the 
hulk.,  w hen  the  grain  fwells  upon  being  moiftened,  can  expand  itfelf 
into  a greater  fpace. 

Hereupon  I was  led  to  confider,  that,  wdiereas  fowls,  turkies,  par- 
tridges, pigeons,  and  other  birds  who  feed  on  corn,  cannot  with  their 
bills,  break  or  grind  the  grains  of  Wheat,  Rye,  and  Barley,  but  take 
them  into  their  ftomachs  entire,  where,  by  reafon  of  the  hardnefs  of 
the  hulks,  they  cannot  be  broken  ; feeing  this,  I fay,  I confidered, 
that  thefe  kinds  of  grain  mull  have  been  fo  contrived  and  formed  by 
the  all- wife  Creator,  that,  without  the  hulks  being  broken  in  pieces 
and  digefted,  their  contents  may  be  dilfolved  : which  is  thus  per- 
formed, namely,  that  by  the  moifture  and  heat  in  the  ftomachs  of 
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thofe  animals,  the  outward  bulks,  or  fhells,  may  be  expanded  and 
burft  open,  and  the  meal  which  they  contain,  having  by  this  means 
a paflage  opened  to  quit  its  covering,  may  be  cliffolved,  digefted,  and 
converted  into  nutriment. 

To  inveftigate  this  more  fully,  I took  a glafs  tube,  about  the  fize  of 
a finger,  and  clofed  at  one  end  ; into  this  I put  fome  grains  of  Wheat 
and  Barley,  with  a fufficient  quantity  of  water,  and  then  applied  fo 
much  heat  to  it,  as,  in  a fhort  time,  made  the  water  boil.  Then,  upon 
examining  the  Wheat  and  Barley,  I obferved,  that  their  hulks,  which 
before,  had  been  as  it  were  clofely  folded  or  clofed  together,  were  not 
now,  broken  or  tom  afunder,  but,  in  the  places  where  the  grains  had 
been  contracted  and  turned  inwards,  the  parts  had  now  receded  ei- 
ther way,  caufing  the  hulk  to  gape  open,  fo  that,  in  fome  of  the 
grains,  a part  of  the  meal  was  vifible,  and  in  others  the  whole  con- 
tents were  laid  open.  Some  of  the  grains  of  Wheat,  however,  I ob- 
ferved, which  hadfwelled  to  three  times  their  original  fize,  the  hulks 
remaining  entire. 

After  this,  I examined  the  dung  of  fome  hens,  which,  in  the  time  of 
a deep  fnow,  were  kept  fhut  up  in  a coop,  and  fed  with  nothing  but 
barley, which,  it  is  well  known,  they  fwallow  whole.  And,  in  the  dung 
of  thefe  fowls,  I was  much  furprized  to  find  nothing  obfervable,  ex- 
cept a great  number  of  pieces  of  the  hulks  of  barley  ; and  I Was  at 
a lofs  to  comprehend,  how  fo  great  a quantity  of  meal  as  thofe  hulks 
had  contained,  could  have  entered  into  the  bodies  of  thefe  fowls,  con- 
fi dering  that  they  were  all  full  grown. 

Farther,  I iiifpeéted  the  dung  of  many  fparrows,  in  which  1 found 
a great  number  of  very  fmall  hairs,  clofely  compacted  together,  in 
a kind  of  regular  order  ; together  with  many  fragments  of  the  hulks 
of  Wheat  and  Barley.  I at  firft  wondered  what  thefe  hairs  might  be, 
till  1 recollected  the  hairy  or  reed-like  parts  at  the  extremities  of  the 
grains  of  corn,  which  I have  before  de fcribed,  and  found  thefe  to  be 


the  fame,  for,  in  them  I could  perceive  a kind  of  ftreak  or  hollow, 
which  is  obfervable  on  thole  hairs.  Thefe  1 par  rows,  I underftood, 
during  this  feafon,  when  the  ground  was  every  where  covered  with 
fnow,  fought  their  food  in  the  corn  market,  where  they  picked  up 
the  grains  which,  in  handling  and  viewing  the  corn,  had  fallen  to  the 
ground. 

In  order  to  exhibit  to  the  eye,  the  manner  in  which  the  huiles  of 
Wheat  are  folded  or  clofed  together,  l caufed  a drawing  to  be  made 
from  the  microfcope,  of  a piece  cut  from  the  grain  tranfverfely ; but 
firft,  to  fhew  the  pofition  of  the  chink  or  indenting,  I ordered  the  lim- 
ner to  draw  a figure  of  «the  entire  grain,  in  its  natural  fize.  This  is 
fliewn  at  fig.  14,  wherein  the  fiffure,  chink,  or  indenting,  is  denoted  by 
the  letters  N O.  The  line  P Q,  indicates  the  part  from  which,  with 
a very  (harp  knife,  i cut  feveral  ilices. 

Fig,  15,  AB  C D E,  reprefents  a part  or  nice  of  the  huik  of  Wheat, 
inclofing  the  meal,  cut  off  as  above  mentioned,  and  viewed  through, 
the  microfcope.  A,  is  the  part  near  that  place  In  the  grain,  where 
the  young  plant  is  fituated.  GHFKI,  are  the  two  bendings  in- 
wards of  the  hulk,  in  a kind  of  circular  courfe,  the  intent  of  which 
formation  doubtlefs  is,  that,  when  the  grain  fwells  upon  being 
moiftened,  the  huik  may  expand  itfelf,  and  (till  preferve  the  meal  in 
its  place : and  by  infpeétion  of  the  part  F,  it  will  he  feen,  that  tlie 
huik  is  not  clofely  united  where  the  two  bendings  or  flexures  meet, 
to  the  end,  that  when  the  meal  expands  itfelf  ftill  more,  the  two 
fides  of  fine  huik  may  recede  from  each  other,  and  produce  an  open- 
ing at  that  place. 

I have  already  described  the  fize  of  the  globules  of  meal,  by  com- 
panion with  larger  and  fmaller  grains  of  land.  I alfo  caufed  fome 
of  thefe  globules  to  be  drawn,  as  feen  through  a microfcope  of  very 
great  magnifying  power  ; firft,  to  fhew  more  diftindtly  that  they  are 
formed  with  a chink  or  crevice  on  them,  next  to  exhibit  to  view  the 
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fmaller  globules,  mixed  with  the  larger,  and  finally,  how  the  chink 
or  crevice  appears  on  them.  Thefe  are  fhewn  at  fig.  16,  LMNOP 

OR. 

I have  frequently  repeated  the  experiment  of  placing  a portion  of 
thefe  globules  of  meal,  no  larger  than  a grain  of  fand,  upon  a clean 
glafs  ; and,  after  pouring  a drop  of  water  on  them,  brought  it  to  the 
fire.  After  the  water  and  globules  were  heated,  and  the  moifture  was' 
evaporated,  the  globules  aflumed  a fiat  fhape,  very  like  that  of  cakes,, 
which  is reprefented  in  ƒ. g.  17,  STY  W.  Moftof  thefe  had  a little  ri- 
ling in  the  middle,  being  the  place,  as  1 before  mentioned,  where,  in 
my  judgment,  they  were  fupplied  with  juices  in  their  growth.  And  I 
have  often  feen  the  very  fmalleft  of  the  globules  undergo  the 
fame  alteration  in  their  fhape  as  the  larger  ones.  In  thefe  observa- 
tions I found  a portion  of  meal,  no  larger  than  a grain  of  fand,  mixed 
with  a fmall  drop  of  water,  fully  fufficient  to  exhibit  the  change  of 
fhape  before  noted  ; for,  if  more  of  the  meal  is  ufed,  the  particles  lie  fo 
confufedly  heaped  on  one  another,  that  they  cannot  be  di  ft  i nelly  feen, 
and,  it  is  fcarcely  to  be  conceived,  that  a portion  of  meal,  no  larger 
than  a grain  of  fand,  fhould  confift  of  fo  many  particles  as  are  pic- 
tured in  fig.  17. 

I have  often  examined  a fmall  piece  of  bread,  taken  from  a loaf 
made  of  fine  flour,  after  the  hulk  or  bran  had  been  taken  from  it» 
The  particles  of  meal  in  this  fmall  piece  of  bread,  appeared  very  much 
like  thofe  reprefented  in  fig.  17,  with  this  difference  only,  that  the 
particles  in  the  bread,  lay  much  more  irregularly,  and  appeared  more 
mis-fhapen,  with  ragged  points  and  rifings;  a true  reprefentation  of 
all  which  is  to  be  feen  at  fig.  18,  ABODE.  / 


ADDITION,  by  the  TRANSLATO! 


M 


WHOEVER  perufes  Mr.  Leeuwenhoek’s  Works,  will  find  dif played  in 
them  much  found  philofophical  knowledge,  of  which  fome  in  fiances  appear 
in  the  preceding  Effay.  Thefe  1 fh ail  quote,  in  order  to  explain  tho  fc parts' 
in  them,  which  may  appear  difficult  to  fome  of  my  readers.  In  page  171,  the 
author  tells  us,  that  the  fubftance  inclonng  the  young  plants  of  Wheat,  ap- 
pears of  a different  colour  from  the  mealy  part  of  the  grain,  by  reafon  that 
the  globules  which  compofe  itare  not,  fingly,  fo  pellucid,  and  therefore  do  not, 
altogether,  appear  fo  white,  as  the  meal ; and  in  p.  179  he  reflekls,  with  admi- 
ration, how  clofely  compared  muft  be  the  fmalleft  component  particles  of 
the  globules  of  meal,  to  give  them  that  tranfparency.  To  thofe,  who  are  not 
converfant  in  optics,  it  may  appear  ftrange,  that  the  moil  tranfparent  bodies 
have  the  fmalleft  pores,  and,  that  a colledlion  of  fmall  tranfparent  globules 
fhould  altogether  exhibit  a white  colour,  but  this  is  according  to  the  efta- 
bliftiecl  doHrine  of  light  and  colours,  of  which  Mr.  Leeuwenhoek  appears  to 
have  been  fully  informed. 

As  to  the  firft,  Sir  Ifaac  Newton  has  fhewn,  that  it  is  not  the  largenefs  of 
the  pores  of  bodies  which  makes  them  tranfparent,  but  the  equal  denfity  or 
continuity  of  their  parts;  which,  he  fays,  appears  from  hence,  that  all  opake 
bodies  immediately  begin  to  be  tranfparent,  when  their  pores  become  filled 
with  a fubftance  of  equal  or  almoft  equal  denfity,  with  their  parts  ; thus  pa» 
per,  dipped  in  water  or  oil,  linen  cloth  fteeped  in  oil  or  vinegar;  and  other 
fubftances,  foaked  in  fuch  fluids  as  will  intimately  pervade  their  little  pores3 
become  more  tranfparent  than  before. 

As  to  the  fecond,  white  being  a compofition  of  all  colours,  a colleHion  of 
tranfparent  globules,  which,  from  their  furfaces  refleH  the  light  in  all  direHi- 
ons,  will  produce  whitenefs  by  that  refleklion.  This  is  feen  in  the  froth  on 
liquids,  and  particularly  foap-fuds,  which  is  nothing  but  a compofition  of 
minute  globules  of  water5  made  tenacious  by  the  foap. 


Of  the  Cocoa  Tree , and  its  Fruit,  commonly  called  the  Cocoa-nut . 


1 HAVE  faid,  that  ftraws,  reeds,  and  many  other  ftalks  of  plants, 
were  formed  of  none  other  than  perpendicular-  vefiels,  whereas  the 
items  or  bodies  of  all  trees  growing:  in  our  climate,  at  leait  as  far  as 
I have  ever  underftood,  are  like  wife  provided  with  horizontal  vef- 
fels  ; the  ufe  of  fuch  lad  mentioned  vefiels  being,  in  my  judgment, 
to  convey  the  nutritive  juices  to  the  exterior  parts  of  the  tree.  Now 
thefe  horizontal  vefiels  impart  fuch  ftrength  and  firmnefs  to  the  tim- 
ber or  trunk,  that  the  moft  fpreading  trees  are  enabled  to  refill  the 
violence  of  the  wind. 

But  ftraws,  reeds,  and  other  ftalks  which  are  deflitute  of  horizontal 
vefiels,  require  fome  other  means  of  fupport ; for,  if  all  the  vefiels, 
from  the  earth  up  to  the  fummit  of  the  ftalk,  were  difpofed  only  in 
uninterrupted  parallel  lines,  the  ftalks  would  be  fo  weak  and  flexible, 
that  they  could  neither  reft  ft  the  wind,  nor  be  able  even  to  bear  the 
weight  of  their  own  fruit.  Therefore,  thefe  kinds  of  ftalks,  are 
ftrengthened  by  a fort  of  joints  or  knots,  at  intervals,  which  prevent 
the  over  much  bending  of  the  ftalk  ; and  the  joints  are  placed  at 
fuch  defiances  that  the  fpaces  between  each  will  allow  the  bending, 
only  fo  much  as  to  recover  itfelf. 

What  has  been  faid  of  the  joints  in  ftalks  growing  in  thefe  regions, 
I confider  as  applicable  to  fome  forts  of  trees  in  the  Indies  ; and, 
upon  feeing  fome  of  thofe  Indian  trees  deferibed  in  drawings,  I im- 
mediately concluded,  that  the.  Cocoa  Tree  was  of  the  number. 

After  fevera!  endeavours  to  obtain  a fpeciinen  of  this  tree,  I at  length 
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procured  from  a certain  fea  captain,  a piece  of  one,  about  a foot  long; 
and  ten  inches  in  diameter.  The  bark  of  this  wood  was  found,  but 
the  wood  itfelf  fo  decayed,  that  it  crumbled  into  powder  under  the 
fingers,  excepting  only  a very  fmall  part.  The  capillary  or  hairy 
parts  which  run  length  wife  on  the  infide  of  the  bark,  were  tolerably 
found,  but  they  feparated  from  each  other,  as  eafily  as  if  they  had 
never  been  firmly  united,  which  made  me  fufpecl,  that,  if  there  ever 
had  been  any  other  parts  to  connect:  them,  they  were  decayed. 

I perceived  that  thefe  capillary  or  hairy  parts,  grew  out  of 
the  bark,  and  that  many  of  them  were  divided  into  two  ; and  Ï alfo 
perceived  in  each  of  thefe  capillaments  many  veil  els.  Among  thefe 
capillary  parts  were  others,  feme  firm  and  folid,  others  in  the  na- 
ture of  veffels,  but  the  greater  part  of  them  much  decayed. 

Thefe  capillary  parts,  were  covered  by  the  external  folid  bark, 
which  bark  was,  in  fome  few  places,  thicker  than  in  others,  but,  at 
the  knots  or  joints,  the  bark  was  remarkably  thick  and  folid. 

This  bark,  cut  tranfverfely,  I examined  by  the  microfcope,  and 
found  it  chiefly  to  confift  of  roundifh  threads,  about  the  thicknefs  of 
an  hair,  and  thefe  again  compofed  of  oblong  filaments,  hollowed  on 
the  infides.  Many  of  thefe  latter  did  not  take  a ftraight,  perpendi- 
cular courfe,  but  turned  inwards  towards  the  body  of  the  tree. 
Farther,  I obferved,  intermixed  among  them,  a kind  of  fubflance, 
conlifting-  of  roundifh  globules,  eonneóted  in  a fort  of  regular 
order.  Thefe  parts,  compofmg  the  external  fubflance  of  the' 
tree,  were  fo  clofely  united  together,  that  it  might  be  thought  the 
tree  had  not  any  bark  on  it.  From  all  thefe  obfervations,  I was  led 
to  conclude,  that  this  tree  receives  its  growth  and  inereafe  from  the 
bark  alone.  And  I perceived  certain  roundifh  parts,  which  feem- 
ed  to  iffue  in  a right  line  from  the  bark  inwards,  as  if  they  were  de- 
figned  for  no  other  ufe,  than  to  convey  the  nutritive  juices  in  that 
direction* 
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IF,  however,  we  could  he  furntfhed  with  a piece  of  this  tree,  cut 
while  alive  and  growing,  our  obfervations  might  be  much  more  ac- 
curate. And,  indeed,  I was  not  without  fufpicion  that  this  piece  of 
wood  had  been  cut  from  a dead  tree,  though  one  of  the  teamen  af- 
fured  me,  that  the  decay  which  I have  before  mentioned,  happened  to 
it  on  board  the  fhip. 

In  order  to  place  before  the  reader's  eye  the  form  of  the  joints 
knots,  or  bands,  whereby  the  body  of  the  Cocoa-tree  is  ftrengthened, 
and  which  as  it  were,  furround  it  throughout  with  a fort  of  girdle,  I 
caufed  a drawing  to  be  made  of  this  piece  of  wood,  on  a contracted 
fcale ; from  which  drawing  will  be  feen,  how  firmly  thofe  trees, 
which  have  no  horizontal  veneis,  are  ftrengthened  by  thefe  kind  of 
bands,  furrounding  them  in  an  oblique  direction. 

In  Plate  VII.  fig.  1,  A BCDEFGHI  KL  M,  reprefen  t this  wood 
drawn  fmaller  than  the  natural  fize.  C M,  C L,  D L,  E K,  FKf 
F I,  indicate  the  pofition  and  courfe  of  the  knots  or  bands,  that  is, 
that  they  do  not  go  in  a ftraight  line  round  the  tree,  but  fometimes 
approach  to,  and  fometimes  recede  from,  each  other,  which  approach 
and  receding  are  fhown  at  K L.  And,  this  oblique  courfe  of  the  knots, 
bands,  or  cindtures,  contributes  more  to  the  ftrength  of  the  tree,  than 
if  they  encircled  it  in  the  form  of  hoops. 

By  cutting  and  examining  this  wood,  in  the  manner  I have  de- 
fcribed,  I fully  fatisfied  myfelf  in  the  particular  wherein  I wifhed  to 
be  afcertained,  namely,  that  the  Cocoa  Tree  has  no  horizontal  vef- 
fels.  And  there  is  moreover  a circumftance  to  be  noted  in  thefe 
kinds  of  trees,  that  they  have  no  branches  except  at  the  very  tops, 
and  therefore,  are  not  lb  ftrongly  acted  upon  by  the  force  of  the 
wind.  Nor  are  the  branches  which  they  have,  perennial,  but  they 
every  year  fall  off,  and  are  replaced  by  frefti  branches,  which  grow 
on  the  tree  at  the  fame  time  with  the  fruit. 

I alfo  cut  tranfverfely  a piece  of  the  wood,  in  a part  where  it  was 
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found,  in  order  to  fhew,  as  accurately  as  poffible,  the  make  and  tex- 
ture of  this  wood,  when  viewed  by  the  microfcope. 

Fig.  2,  OP  OR,  reprefents  a very  fmall  particle  of  the  Cocoa 
wood,  cut  tranfverfely,  and  magnified,  wherein  are  to  fce  feen  fix  Gf 
the  larger  of  the  perpendicular  veffels,  two  of  which,  furrounded 
by  a great  number  of  fmaller  veflèls,  are  to  be  feen  at  T T.  Of 
thefe  larger  and  fmaller  veffels,  the  capillary  or  hairy  parts  I have 
mentioned,  and  which  are  very  tough  and  ft  rong,  are  composed. 
But  thefe  veffels  do  not  all  afcend  in  an  exaód  perpendicular  direc- 
tion, but  creep  upwards  in  a kind  of  oblique  courfe,  one  among  ano- 
ther, by  which  pofition  they  contribute  to  the  ftrength  of  the  tree. 
And  when  one  of  thefe  veffels  or  threads  divides  itfelf,  each  divided 
part,  though  it  prefents  the  figure  of  a fmaller  filament-  is  yet  in 
truth  a perfeét  vefiSel.  Thefe  fmaller  veffels,  intermixed  with 
the  larger  ones,  I have  caufed  to  be  reprefented  in  the  drawing. 

Thefe  larger  veffels  leem  connected  together  by  a kind  of 
veficles,  which,  I imagine,  while  the  tree  is  alive  and  flourifhing, 
are  tided  with  forme  kind  of  liquid.  Thefe  veficles  are  not  difpofed 
in  any  orderly  or'  proportionate  manner,  but  in  fome  places  they 
may  be  feen  heaped  together  to  the  number  of  five  and  twenty,  and 
in  other  places,  between  two  capillamemts,  will  be  found  only  a tingle 
vehicle. 

Such  of  thefe-  canillaments  as  are  next  to  the  bark  of  the  tree; 
are  exceeding  - fmall,  in  comparifon  of  thofe  nearer  the  middle  ; 
and,  to  exhibit  them  to  the  reader,  I cut  off'  a piece  of  the  wood 
next  to  the  bark,  and  caufed  it  to  be  drawn  from  the  micro  n ope, 
which  drawing  is  copied  at  fig.  g,  ABC  D.  In  this  figure,  A D is 
an  iimermoft  bark  next  the  wood,  being  a very  thin  fkin,  and  the 
capillameets  next  to  it  are  the  fmalleft  of  all,  whereas  thofe  more 
inwards,  grow  larger  and  larger.  But,  though  thefe  innermoft  cap- 
pi!  laments  are  the  largeft,  they  are  ftill  composed  of  thofe  e.  quifitely 
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thin  and  hollow  filaments  I have  mentioned,  the  hollows,  or  cavities 
in  which  I have  caufed  to  be  reprefented  by  a fort  of  points  or  dots: 
The  black  fhade  in  this  figure,  denotes  minute  veffels  fiirroimding  the 
others,  which  by  reafon  of  their  exceeding  fmalinefs  could  not  be 
reprefented  in  the  drawing: 

Thefe  vehicles,  which  I have  mentioned  to  adhere  to  the  capilla- 
ir* ents,  as  they  appear,  when  cut  by  a ftraight  feftion,  are  fhewn  at 
fig.  4,  EFG  T.  In  thefe  vehicles  there  appeared  home  final!  parti™ 
cles,  concerning  which,  however,  I could  not  pronounce  any  thing 
with  certain  tv 

After  had  made  the  preceding  observations,  Ï received  from  a 
friend  who  obferved  how  deli  rows  I was  to  inveftigrite  the  nature  of 

<0 

the  Cocoa  wood,  a piece  of  that  wood  which  he  had  procured  from 
the  ill  and  of  Curayoa.  This  was  feven  inches  in  diameter,  and  about 
four  inches  long  : in  the  middle,  it  was  compofed  of -the  before  men-» 
tioned  larger  capillary  parts,  but,  on  the  outfide,  and  about  an  inch 
from  the  ftirface,  it  was  fo  hard,  that  in  attempting  tofplitit,  I broke 
a Heel  wedge  in  pieces,  and  I do  not  remember  ever  to  have  met 
with  fo  hard  a wood. 

Between  the  bark  and  the  Solid  part  of  this  wood,  I law  feme 
capillary  parts  creeping  along,  and  which  were-  of  the  fame  nature 
as  thole  pictured  in  fig.  1,  between  G and  N,  and  thefe  capillamenta, 
I was  informed,  are  made  ufe  of  to  be  twitted  into  ropes  and  ca- 
bles. 

I obferved,  that  wherever  the  knots  or  hands  in  the  bark  ap- 
proached each  other,  as  at  F K,  there  the  capillaments  grew  out  of 
the  bark  : Sometimes  I obferved  one  or  two  branches  rife  out  of  one 
of  thefe  capillaments,  and  thefe  again  fubdivide  into  fmailer  ones, 
hollow  within,  and  which  capillaments  I judged  might  in  time  unite 
and  form  vefiels  of  the  fize  pictured  mfig.  2,  at  T T.  And  if  fo,  it 
follows  that  the  Cocoa  tree  receives  the  addition  to  its  bulk  from  the.' 
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baric,  contrary  to  what  we  fee  in  the  trees  of  tills  country,  the  bark 
of  which  receives  its  increafe  from  the  wood, 

I alfo  cut  this  wood  from  Curacoa  tranfverfely,  and  examining  it 
by  the  microfcope,  I found  it  to  agree  in  all  refpedts  with  that  repre- 
fented  in  fig.  2,  with  this  difference  only,  that  where  this  wood  was 
harder  than  the  former,  there  the  capillaments  wTere  fmaller,  and  alfo 
exceedingly  tough. 

But  as  the  veficles  in  the  former  wood,  which  are  represented 
at  fig.  4,  EFGH,  were  in  this  latter  much  harder,  and  alfo 
fmaller  than  the  former,  I cut  fome  of  them  by  a ftraight  feftion,  and 
caufed  a very  fmall  particle  of  them,  when  magnified,  to  be  drawn 
from  the  microfcope,  which  is  to  be  Seen  in  fig . 5,  at  3LM2. 
Thefe  vehicles,  I perceived  were  of  a more  firm  and  folic!  texture, 
than  thofe  in  the  other  piece  of  wood,  and  they  had  in  their  centers 
a black  fpot,  which  was  a fign  that  they  had  had  a cavity  in  them  : 
home  of  thefe  veficles  I cut  in  fuch  thin  flices  that  they  appeared 
tranfparent. 

While  I was  bufied  in  this  part  of  my  inveftigation,  I happened  to 
cut  one  of  the  afcending  veffels,  which  in  fig-  2,  is  denoted  by  T,  but 
which  here  is  Shewn  between  I K 3 2 N.  And,  though  the  fmaller 
xeffëls  furrounding  it,  could  not,  by  reafon  of  their  minutenefs,  be 
otherwife  ex pre fifed,  than  by  ftraight  lines,  yet  this  larger  vellel 
plainly  appeared  to  be  formed  of  a kind  of  annular  parts,  running 
round  each  other  in  a fort  of  fpiral  form.  And,  though  J had  ob- 
served this  formation  of  the  veffels  in  many  other  forts  of  wood,  yet 
I could  not  till  now,  venture  to  fay,  that  thefe  veffels  were  formed  in 
that  manner,  hecaufe  I had  hitherto' loft  my  time  and  labour  in  en- 
deavouring to  diffeet  them  accurately.  But  now  in  this  objecS, 
where  the  veflel  fpread  or  opened  itfelf  a little,  at  the  place  marked 
N,  I plainly  faw  the  fpiral  formation,  which  difcovery  gave  me  great 
pleafure. 
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I proceeded  (fill  farther  in  the  examination  of  this  larger  vefFel, 
and  I found  it  to  be  compofed  of,  at  lead,  five  fmaller  ones,  which 
were  placed  in  regular  order,  befide  each  other,  and  each  feverally 
formed  in  the  fpiral  manner  I have  mentioned.  AIL  thefe  are  fhewn 
in  fig.  6,  OP,  and  in  the  fame  figure,  at  P Q,  is  to  be  feen  the  part 
which  I before  mentioned  having  feen,  as  defcribed  in  fig.  5,  at  N. 

This  circuitous  figure  of  the  vefiels,  may  be  exactly  compared  to  a 
brafs  wire,  twifted  round  a fmall  rod,  and  the  fame  kind  of  formation 
I have  frequently,  as  1 have  before  mentioned,  feen  in  other  woods. 
And  even  in  a ftraw  I once  obferved,  by  the  microfcope,  one  of  its 
larger  vefiels  to  be  formed,  much  in  the  fame  manner  as  this  I have 
defcribed  at  Ö P.  And,  when  we  confider  the  fubjeét,  we  cannot,  in 
my  humble  opinion,  conceive  any  form  fo  fuitable  for  thofe  vefiels  to 
raife  the  juices  upwards. 

The  fame  gentleman  from  whom  I received  the  laft  mentioned 
piece  of  Cocoa  wood,  fent  me  alfo  two  Cocoa  nuts,  inclofed  in  their 
feveral  fheils  or  coverings.  From  one  of  thefe  Ï cut  fo  much  of  the 
outer  covering,  as  to  exhibit  the  inner  (hell  to  view  ; and  I caufed  a 
drawing  to  be  made  of  both,  on  a contracted  fcale,  which  is  to  be 
feen  at  Jig.  7,  A B C D.  The  diameter  of  this  external  cafe  or  cover» 
ing  was  nearly  five  inches  and  three  quarters,  meafured  by  the  fcale 
B D,  which  is  five  inches  long. 

This  external  hufk  or  (hell  fo  firmly  adhered  to  the  inner  one, 
being  connected  to  it  by  multitudes  of  vefiels,  that  I found  it  a 
work  of  confiderable  labour,  to  tear  it  off.  The  inner  fin  ell  was 
four  inches  in  diameter,  and,  having  cleared  it  from  all  the  vefiels  ad- 
Bering  to  it,  1 replaced  it  in  the  half  of  the  cafe  or  hulk,  as  is  to  be 
feen  in  the  drawing. 

I have  often  been  told,  that  the  filaments  of  which  this  external 
hulk  or  bark  confifts,  are  of  fuch  a length  that  they  are  twifted  into 
cables,  and  alfo  wove  into  fail-cloth,  I proceeded,  therefore,  to  exa- 
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'mine  the  texture  of  this  hufk  or  bark,  when  I found,  that  not  a tenth 
part  of  it  confided  of  thofe  filaments,  but  that,  from  them  proceeded 
a certain  fub fiance,  like  a collection  of  veficles,  which  vehicles,  while 
the  fruit  was  living  on  the  tree,  had  been  filled  with  juices,  in  like 
manner  as  thofe  parts  which,  collected  in  great  numbers,  from  the 
fubftance  of  the  pear  called  the  Sugar  pear,  do  proceed  from  the 
veins  or  veffels  in  that  pear. 

To  convey  a true  idea  of  the  formation  of  this  external  coat, 
hufk,  or  covering,  of  the  Cocoa-nut,  I caufed  a drawing  to  be 
made  from  the  microfcope  of  a very  frnall  piece  of  it,  as  is  to  be 
leen  in  fig.  8,  M NOP  O.  Here,  N P O denote  the  capillaments, 
which  may  more  properly  be  called  veffels  ; they  are  each  inclofed 
in  a larger  one,  which  larger  one  is  compofed  of  numbers  of  minute 
veffels. 


It  is  well  known,  that  all  fruits,  and  even  the  fin  all  eft  leaves,  are 
covered  with  a fkin,  which,  that  it  may  prevent  the  exhalation  of  the 
iuices,  is  of  a very  clofe  texture.  This  external  coat  or  hufk  of  the 
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.Cocoa-nut  has  that  kind  of  fkin,  which,  as  it  appears  through  the 
microfcope,  is  exhibited  in  Jig.  9,  ABCDEFGH,  where  are  (hewn 
as  exactly  as  may  be,  the  veffels  running  along  this  fkin,  and  con- 
nected with  the  internal  part  of  the  hufk,  as  for  example,  as  BDE, 
A E,  and  PI  G.  A branch  proceeding  from  the  veffel  B E,  is  repre- 


sented at  C D. 

In  the  (hell  of  the  nut,  pictured  at  fg.  7,  there  are  three  parts 
Somewhat  reSembling  eyes,  two  of  which  point  towards  each 
other,  the  third  contains  the  young  plant,  which,  when  the  kernel 
begins  to  vegetate,  (hoots  out  through  that  cavity.  And  this  young 
plant  in  its  vegetation  receives  nourishment  from  the  kernel,  through 
theie  perforations  I have  called  eyes,  until  it  is  able  to  draw  its  nou- 
riihment  from  the  earth,  and  this,  without  there  being  a necefiity 
for  the  (hell  qf  the  nut  .to  break:  or  open.  The  vegetation  of  the 
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diefnut  is  performed  in  the  fame  way,  contrary  to  what  is  ohferved 
in  the  feeds  of  nuts,  plumbs,  and  the  like,  the  fhells  of  which,  as  the 
vegetation  of  the  kernel  advances,  divide  and  open  themfelves. 

Moreover,  I cut  olf  feveral  pieces  from  the  hard  fheil  of  the  Cocoa- 
nut,  fome  of  them  longitudinally,  fome  tranfverfely,  in  order,  to  fhew 
the  texture  of  it,  as  leen  by  the  micro  fcope,  This  is  reprefen  ted  at 
Jig.  10,  1KLMN,  in  the  inner  part  of  which  is  a vein  or  veflel  di- 
viding itfelf  into  many  fmaller  ones. 

I next  proceeded  to  examine  a thin  membrane  or  fkin,  which 
lines  the  infide  of  this  hard  fheil.  An  incredible  number  of  veflels 
which  may  he  feen  by  the  naked  eye,  are  difperfed  through  this 
membrane  ; the  hard  fheil  is  of  a dark  colour,  verging  towards  a 
black,  and  the  membrane  of  a faint  afh  colour.  I have  often  placed 
pieces  of  this  membrane  before  the  microfcope,  and  could  not, 
without  admiration,  behold  the  aimed  incredible  number  of  final!  ob- 
long parts  therein,  which  were  heaped  one  on  another,  in  fuch  vari- 
ous manners  that  I could  not  conjecture  for  what  me  they  were  de- 
li gned  ; but  they  all  confided  of  fpiral  parts,  fuch  as  are  described  in 
jg\  6,  at  Ö P.  Thefe  parts  were  fo  exquifitely  (lender,  that  upon 
comparing  them  with  a vein  taken  from  the  bread  of  a flea,  which  I 
had  ftanding  before  a microfcope,  I found  that  the  vein  (which  was 
alio  of  a fpiral  form)  was  about  four  times  as  large  as  thefe  compo- 
nent parts  of  the  membrane,  and  I could  not  fufficiently  wonder  at 
the  multitude  of  thofe  fpiral  parts, 

I have  alfo  often  placed  before  the  microfcope,  thofe  capillaments 
which  in  breaking  the  fheil  1 found  adhering  to  it  by  one  of  their  ex- 
tremities, merely  for  the  pleafure  of  contemplating  the  object ; for,  a 
capillament  no  larger  than  an  hair,  would  be  feen  to  confift  of  twenty 
filaments,  the  fmalleft  of  which  I judged  to  be  lefs  than  the  thread 
I pun  Jby  the  filk  worm.  So  that,  if  we  would  compute  the  whole 
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number  of  thefe  filaments  in  a finale  nut,  we  mu  ft  not  reckon  them- 

o 

by  thoufands,  but  by  hundreds  of  thoufands. 

That  which  is  the  kernel  of  this  nut,  and  is  commonly  called  the 

t. 

Cocoa-nut,  is  a very  white  fub (lance,  about  half  an  inch  thick,  clofely 
joined  to  the  whole  interior  part  of  the  {hell  ; the  remainder  of  the 
cavity  contains  a watery  juice,  which  is  what  I never  obferved 
in  any  other  feed,  when  come  to  maturity.  For  nuts  and  chefnuts 
are  entirely  com po fed  of  folk!  parts,  which  we  call  the  kernel, 
though  before  they  come  to  maturity  the  matter  inclofed  in  them 
is  no  more  than  a watery  and  filmy  fub  fiance. 

Upon  this  head,  I reafoned  with  myfelf ; that  before  the  inward 
fubftance  of  the  Cocoa-nut  is  full  grown  and  ripe,  the  fhell  becomes 
harder  than  thofe  of  any  fruit  known  in  the  northern  climates;  and 
I concluded  that  when  the  fhell  is  grown  perfectly  hard,  it  cannot  be 
afterwards  increafed  in  fize,  nor  can  the  kernel  it  contains  receive 
any  addition  to  its  fubftance  : and  therefore,  that  part  of  the  nu- 
tritive juice  which  is  of  a watery  nature,  and  cannot  be  converted 
into  kernel,  mult  remain  in  the  center  of  the  nut. 

I afterwards  fell  into  converfation  with  two  mailers  of  fhips,  who 
had  vifited  both  the  Eaft  and  Weft  Indies,  and  had  been  often  em- 
ployed in  collecting  Cocoa-nuts.  They  informed  me,  that  when  the 
Ihells  of  the  nuts  were  fo  loft  that  they  could  be  cut  with  a knife, 
there  was  nothing  to  be  found  in  them  except  a lymph,  or  thin  liquor, 
of  a very  pleafant  tafte,  which  information  confirmed  me  in  the 
opinion  I have  before  related. 

At  another  time,  upon  a different  inveftigation  of  the  Cocoa-nut, 
I preffed  from  the  pulp  or  white  fubftance  of  it,  inch  a quantity  of  oil 
as  fixed  me  in  aftonifhment. 

After  this,  upon  opening  a Cocoa-nut  which  I had  kept  for  the 
fpace  of  feven  months  in  my  cabinet,  I obferved  thofe  three  foft 
places  in  the  fiiell  which  are  called  eyes,  and  from  one  of  which  the 
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young  plant  {hoots  forth,  to  be  covered,  and,  as  it  were,  fealed  up, 
with  a fub fiance  like  rofm  or  pitch. 

To  give  a more  perfect  idea  of  the  nature  of  the  Cocoa-nut  or 
kernel,  after  I had  bored  the  (hell  near  the  place  where  thole 
parts  I have  likened  to  eyes  are  fituated,  and  poured  out  the  juice 
contained  in  the  cavity,  I broke  away  the  fhell  fo  far  as  was  fuffici- 
ent  to  lliew  the  infide  of  the  nut,  that  it  might  be  ex  prefixed  in  a 
drawing. 

Fig.  ii,  OPOR, represents  the  Cocoa-nut  or  kernel  as  it  appears, 
inclofed  in  the  fhell,  which  fliell  is  denoted  by  FOR.  At  P R,  are 
feme  of  thofe  capillaments,  which  in  great  numbers,  are  found 
united  to  the  fliell,  and,  as  they  are  in  fadf,  no  other  than  veflels 
deftined  to  convey  the  nutritive  juices,  they  penetrate  into  the  inte- 
rior part  of  the  fhell,  and  there  impart  nourifhment  to  the  fruit. 
Farther,  many  very  fmall  veflels  take  their  courfe  through  the 
hard  fliell,  and  thefe,  as  I found  by  the  microfcope,  were  compofed 
of  other  veflels  incredibly  (lender,  the  fmalleft  of  which  were  of 
the  fpiral  formation  described  in  jig.  6 , O P. 

STY,  denote  the  nut  itfelf,  properly  fo  called.  WXY  is  a 
cavity  within  it,  which  contains  the  fap  or  juice  I have  mentioned, 
which  is  very  pleafant  to  the  tafte,  and  of  a nourifhing  quality.  A 
drop  of  this  juice  I put  into  a very  clean  glafs,  in  order,  when 
the  watery  parts  of  it  were  exhaled,  to  examine  the  remainder,  and 
therein  I did  not  find  any  faline  particles,  but  it  had  the  appearance 
.of  a fyrup,  which  did  not  evaporate,  being  more  of  a fixed  nature. 

This  kernel  is  connected  with  the  hard  fliell  by  infinite  numbers 
of  vefiels,  and  on  the  fide  next  the  fliell  is  alfo  covered  with  a thin 
(kin,  through  which  multitudes  of  vefiels  take  their  courfe  ; they 
are  of  the  fame  fpiral  figure  as  before  mentioned,  and  lye  clofe  to* 
gether,  and  they  are  not  much  thicker  than  the  hair  of  a maids 
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beard.  Whence  it  appears  that  the  kernel  is  formed  and  nouriflied 
from  thefe  very  (lender  veftels. 

Upon  examining  this  nut  or  kernel  by  the  microfcope,  I found  that 
its  fubftance  is  not,  like  other  feeds,  inclofed  in  (mail  membranes, 
but  confifts  of  multitudes  of  minute  tubes,  which  take  their  rife 
from  the  hard  (hell,  and  reach  to  the  cavity,  within  the  kernel,  where 
the  juice  I have  mentioned  is  collected.  They  are  not  all  of  an  equal 
fize,  nor  are  they  of  a round  figure,  but  rather  of  fix  fides,  which 
fliape  is  well  adapted  to  permit  their  lying  clofe  together  and  in 
regular  order.  Some  of  thefe  are  turgid  with  a certain  fubftance. 


which  in  part  evaporates  ; others  of  them  contain  globules  which  I 
judged  to  be  chiefly  filled  with  an  oil. 

Thefe  (mail  tubes,  which  in  fig.  1 1 are  to  be  feen  at  W,  I cut  tranf- 
verfely,  and  caufed  a drawing  to  be  made  of  a very  fmall  portion,  as 
viewed  by  the  microfcope,  which  i n fig.  12  is  expreiTed  by  A BCD  : 
the  fmall  points,  or  dots  in  this  figure,  denote  feme  very  fmall  parti- 
cles, which  I obferved  in  thefe  tubes. 

Moreover,  I caufed  a drawing  to  be  made  of  that  part  of  the  nut 
or  kernel,  where  I judged  the  young  plant  to  be  fituated,  in  the 
lhape  it  exhibits  when  feen  by  the  eye  alone,  without  the  microfcope; 
This  occupies  but  a very  fmall  part  of  the  kernel,  and  is  fituated  in  a 
part  where  its  fubftance  is  thinneft.  A drawing  of  this,  of  the  na- 
tural fize,  is  to  be  feen  at  fig.  13,  ABC  D EF,  and  H EG  is  the  part 
which  in  my  judgment  contains  the  entire  young  plant. 

From  this  part  I cut  fome  very  thin  dices  at  that  end  of  it  which 
in  fig.  13  is  neareft  to  the  letter  E.  For  I was  defirous  to  examine 
whether  any  thing  would  there  be  found  bearing  any  fimilitude  or 
refemblance  in  figure  to  the  future  ftem  of  the  tree.  Some  of  thefe 
(lices  I placed  before  the  microfcope,  and  caufed  a very  fmall  portion 
thereof  to  be  drawn,  that  it  might  not  take  up  too  much  fpace  m 
the  paper.  This  is  represented  in  fig.  14,  at  EFGHI.  I11  this 
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figure  IEF  denote  the  fkin  or  covering,  inclofing  what  ï take  to  be 
the  plant.  The  remainder  of  the  figure  reprefents  afcending  veflels, 
and  which,  as  far  as  I could  difcover,  were  filled  with  an  oil.  I hole 
parts  which  appear  like  larger  veflels,  and  are  indicated  by  K K /V, 
were  fhining  and  tranfparent,  and  werecompofed  of  other  veflels,  fio 
lmall  as  to  exceed  all  belief. 

Upon  cutting  this  part  marked  HEG,  not  far  from  the  end,  next 
H,  I was  aftonifhed  to  find  that  this  was  not,  wholly,  the  young  plant, 
but  chiefly  its  cafe  or  inclofure,  the  young  plant  itfelf,  which  was 
contained  in  it,  being  not  much  larger  than  a grain  of  land.  One 
of  the  pieces  thus  cut  off'  I placed  before  the  miciofcope,  and  deli- 
vered it  to  the  limner,  directing  him  to  make  a drawing  of  the  ob- 
ject which  presented  itfelf  to  him,  as  nearly  as  it  was  poflible  for  his 
art  to  imitate  it.  This  llice,  which  had  been  cut  lengthwife,  thus 
depicted,  is  (hewn  at  fig.  15,  IKLM. 

I took  great  pains  to  examine  many  Cocoa-nuts  before  I could  be 
certain  that  what  in  fig.  15,  is  marked  I K M,  was  really  that  part  of  the 
young  plant  which  would  penetrate  downwards  into  the  earth,  and 
become  the  root,  and  that  what  is  defcribed  at  Kb  M was  that  part 
which  would  grow  upwards  into  a tree  ; but  I am  now  fatisfied 
that  this  is  the  cafe,  and  that  the  parts  laft  mentioned  are  the  leaves, 
which  in.  this  young  plant  are  already  formed. 

I many  times  endeavoured  to  feparate  thefe  young  plants  from  the 
integuments  inclofing  them,  but  always  in  vain  ; becaufe  that  part 
which  in  fig \ 1 5 is  denoted  by  I K M,  firmly  adhered  to  thofe  inte- 
guments. All  I could  do  therefore,  was,  to  cut  the  young  plants  in 
pieces  by  a longitudinal  febtion  ; in  doing  which,  howrever,  it  often 
happened,  that  the  objecff  prefented  three  or  four  fhapes  to  the  view, 
by  reafon  that  I had  fometimes  cut  the  plant  diredfiy  through  the 
middle,  and  fometimes  on  one  or  the  other  fide.  To  fet  this  alfo  be- 
fore the  reader,  I have  given  tv/o  drawings  of  the  pieces  lb  cut* 
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omitting  only  the  integuments  or  circumjacent  parts  indeling 
them. 

The  fir  ft  is,  of  a plant  which  I had,  as  I believe,  cut  exaftly 
through  the  middle,  and  it  is  fhewn  at  fig.  1 6,  N OP  O.  Here,  NOQ, 
is  the  part  which  would  become  the  root,  and  GPO,  that  which 
would  grow  upwards  into  a tree.  And,  in  this  young  plant,  are 
plainly  to  be  feen  the  leaves  with  which  it  is  naturally  furnifhed. 

The  other,  is  of  a plant  which  I judged,  had  not  been  cut  through 
the  middle  ; for  which  reafon  it  did  not  appear  fo  large  as  the  for-* 
mer,  nor  were  the  leaves  equally  confpicuous.  This  is  exhibited  at 
fg-'7>  R STABZ.  The  place  of  the  future  root  in  this  plant  is 
marked  by  R SZ,  and  that  of  the  ft  cm  by  SAB  Z. 

Although  I frequently  repeated  thefe  experiments,  it  was  only 
twice  that  I could  obferve  the  upper  part  or  future  ftem  of  the  plant, 
in  drying,  feparate  itfelf  from  the  circumjacent  parts.  This  repara- 
tion I have  caufed  to  he  expreffed  in  the  fame  fig.  17,  at  SAB  Z,  and 
atTY, 


I have  generally  obferved,  that  the  young  plant,  in  thq^  part 
which,  i nfig.  13,  is  noted  by  EHG,  occupied  not  more  than  one  half 
of  the  fpace  there  reprefented,  and  lay  near  the  part  marked  H. 
But,  at  one  time,  Ï law  the  young  plant  occupy  only  a third  part  of 
the  fpace  ; whence  it  follows,  that  fuch  fpace  or  cavity  was  nine  times 
as  large  as  the  plant  it  contained. 

Farther,  I twice  obferved  the  young  plant  to  lie,  not  precisely  in 
the  middle,  but  rather  on  one  fide  of  the  before  mentioned  cavity, 
whence  I concluded,  that  it  had  begun  to  vegetate  while  in  that  part, 
for  I law  that  the  circumjacent  parts  had  in  that  place  begun  to  fe- 
parate from  each  other,  fo  that,  had  the  vegetation  continued,  the 
plant  would  have  found  its  way  out  of  the  fliell.  This  reparation  of 
the  parts  is  reprefented  in  fig.  17,  at  AW  B. 

Moreover,  I thought  it  right  to  give  fome  reprefentation  of  thole 
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■ extended  parts  which  furround  the  upper  part  of  the  young  plant,  or,, 
more  properly  fpeaking,  the  whole  of  that  plant. 

Let  us  fuppofe  then,  that  I have  cut  off  a {mail  fiice  of  that  part 
which  in  fg.  13  is  pictured  between  G and  H,  and,  that  In  fig.  : 17 ? a 
final!  part  of  the  circumference  of  this  fiice,  and  of  the  {kin  inclofmg 
it,  are  described  at  VWX,  By  T,  and  by  VWX  Y,  that  fub fiance 
is  exprefied,  in  which  the  young  plant,  or  rather  the  upper  part  of 
it,  is  as  it  were,  inclofed  and  wrapped  up.  The  parts  of  this  fub-- 
fiance,  exhibit  the  appearance  of  f mall  veffels,  which  lie  difpofed  in 
fuch  ftraight  lines,  that  they  naturally  feem  defigned  to  convey  non- 
rifhment  to  the  plant.  But,  in  the  part  pictured  at  H,  in  fig.  13,  and 
where  there  will  he  found  a kind  of  fwelling,  thefe  veffels  are 
ftretched  out  to  fuch  a degree  of  finenefs,  that  none  of  the  parts  with- 
in them  can  he  diflinguifhed  without  the  greateft  attention. 

As  the  kernels  of  Almonds,  Walnuts,  Peaches,  and  Plumbs, 
which  are  inclofed  in  fhells,  are  denominated  the  feeds  of  their  re- 
fpefiive  trees,  fo  the  Cocoa-nut,  or  fruit  of  the.  Cocoa  tree,  ought  to 
be  reckoned  among  the  feeds  of  trees.  In  the  feeds,  however,  of  the 
trees  I have  firft  mentioned,  whole  fhells  are  all  formed  with  a learn 
or  joining,  thofe  fhells,  when  the  vegetation  proceeds,  and  the  ker- 
nel fwelis,  open  at  the  fea-m,  and  the  young  plant  in  the  kernel,  hav- 
ing more  {pace  afforded  it,  can  expand  in  its  growth,  and  ftrike  its 
root  into  the  earth.  But  the  {hell  of  the  Cocoa  nut  has  not  any  feanx 
or  joining,  being  of  an  equal  ftrength  and  thicknefs  throughout, 
therefore  its  vegetation  muff  be  provided  for  in  a different  man- 
ner; and  this  I conclude  to  be  as  follows.  The  moifture  in  the. 
Cocoa-nut  being  inclofed  and  confined  on  every  fide,  when  it  begins 
to  be  agitated  by  that  inteftine  motion,  produced  by  heat,  mu  ft  ne- 
ceflarily  expand  itlelf  with  great  violence,  and,  by  that  expanfion, 
the  part  which  contains  in  it  the  young  plant,  is  by  degrees,  as  the: 
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plant  increases  in  fize,  driven  out  of  the  lb  ell  through  the  aperture 

before  noted, 

Thofe,  who  have  lived  many  years  in  India,  affirm,  that  there  is 
no  tree  fo  beneficial,  or  which  produces  fo  many  conveniences  to 
mankind,  as  the  Cocoa  ; and  that  it  is  converted  to  upwards  of 
fixty  different  ufes  by  man.  The  nut  not  only  f applies  him  with 
food  and  drink,  but  from  the  nut  is  alfo  extracted  a liquor  not  much 
unlike  the  fpirit  diftilled  from  barley,  and  from  the  fame  nut  vinegar 
is  made.  The  tree  itfelf  furniffies  mails  for  fmaller  veffels,  and  the 
capillaments  or  filaments  which  furround  the  nut  are  partly  wove 
into  I ail-cloth,  and  partly  twilled  into  cables,  which  are  ufed  even  for 
large  flaps.  If  the  trunk  of  the  tree  be  pierced  with  a fmall  inch 
fion,  there  will  flow  from  the  wound,  every  day,  a quart  of  excellent 
liquor,  and  this  operation  may  be  performed  twice  in  the  year  ; the 
trees,  however,  which  are  thus  treated,  are  deprived  of  their  fertility 
for  that  year. 

If  we  compare  the  fize  of  die  Cocoa-nut,  with  the  very  fmall  plant 
it  contains,  we  may  lately  fay,  that  the  nut  is  above  one  hundred 
thoufand  times  larger  than  the  plant,  and  we  may  thence  conclude 
that  this  nut,  and  the  pleafant  liquor  it  contains,  are  deftined  by  na- 
ture, or  which  is  the  fame,  by  Providence,  for  the  ufe  of  man,  and  to 
{apply  many  of  his  wants. 
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Of  the  Hops  which  grow  in  the  Low  Countries,  thofe  from  Liege 
are  preferred  to  ours  here  in  Holland,  and,  I doubt  not,  with  reafon, 
hecaufe  the  territory  of  Liege  is  one  degree  and  an  half  more  to  the 
fouthward  than  Holland,  confequently  the  Hops  will  fooner  come  to 
maturity  there ; befides,  in  the  lands  about  Liege  the  foil  is  deeper 
than  ours.  The  following  are  the  obfervations  I have  made  upon 
this  plant, 

I examined  by  the  microfcope,  thofe  leaves  of  the  Hop,  which 
eompofe  the  pod,  or  cafe,  containing  the  feed  ; which  leaves,  being 
remarkably  thin,  afforded  me  a very  pleafant  object  to  behold,  the 
veins  or  veffels  [battering  themfelves  in  all  directions  about  the 
leaves,  and,  in  feme  places,  uniting  again.  Some  of  thefe  veffels,  I 
perceived  to  be  filled  with  a red  fubftance,  others  were  of  a fpiral 
figure,  refembling  thofe  veins  which  I have  obferved  in  the  leaves  of 
tea. 

Many  of  thefe  leaves,  I obferved  to  have  a fmall  feed  adhering  to 
them,  at  that  part,  where  the  footftalk  of  the  leaf  had  been  joined. 
And,  indeed,  I think,  that  thefe  fmall  leaves  thus  bearing  the  feed, 
are  fo  formed,  that  each  fhall  produce  one  feed,  but,  it  is  my  opinion, 
that  the  feeds,  when  the  leaves  do  not  grow  to  perfect  maturity, 
cannot  ripen. 

Many  of  the  feeds  I diffecfed,  and  found  nothing  in  them,  except 
the  young  plant,  which  was  chiefly  compofed  of  the  part  that  would 
in  time  become  the  root.  There  were,  however,  two  leaves  farmed 
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in  the  plant,  but  nothing  elfe  remarkable,  except  an  immenfe  number 
of  fmall  veffels  or  veins,  difperled  throughout  the  beginning  root. 

All  thefe  feed  pods  or  leaves,  chiefly  in  that  part  through  which 
they  had  received  their  growth  and  increafe,  were  covered  with  ex- 
ceeding minute  globules,  glittering  with  a beautiful  yellow,  like  gold. 
As  far  as  my  eye  was  able  to  judge,  thefe  globules  were  in  diameter 
about  equal  to  the  thicknefs  of  an  hair  of  one’s  beard,  but  fome  of 
them  not  fo  large.  I do  not  confider  them  to  be  the  fruit  of  the 
Hop,  but,  fome  matter  or  fubftance,  ifluing  from  the  plant,  fuch, 
for  example,  as  if  it  was  turgid  with  a fuperabundant  quantity  of 
juices,  or,  that  the  heat  of  the  fun  might  fome  days  be  remarkably  in- 
tenfe,  and  that  by  the  very  great  quantity  of  juices,  or  their  extraor- 
dinary expanfion,  they  had  burft  through  the  veffels.  Many  of  them 
I broke,  and  I did  not  think  that  they  were  covered  with  any  fhell  or 
coat,  farther  than  that  their  external  furface  being  hardened  in  dry- 
ing, exhibited  fomething  of  that  appearance.  They  contained  only 
a limpid  oil,  of  a glittering  yellowy  and  alfo  other  globules,  much 
fmaller,  but  more  folid,  and  which  with  the  oil,  filled  up  the  cavity 
of  thofe  firft  mentioned  globules. 

This  appearance  of  globules,  on  the  furface  of  the  leaves,  I think 
very  fimilar  to  what  I obferved  fome  years  ago,  at  a houfe  where  I 
was  upon  a vifit ; the  back  part  of  which  houfe,  wTas  covered  with  a 
vine,  facing  the  fouthern  fun.  The  young  (hoots  of  this  vine,  I ob- 
ferved to  be,  in  many  places,  covered  with  tranfparent  globules,  and 
I judged  them  to  have  arifen  from  the  fuperabundant  juices,  wdiich, 
by  the  heat  of  the  fun,  had  been  brought  forth  in  fuch  plenty,  that 
there  w^as  not  a paffage  for  them  through  the  narrow  veffels  of  the 
branches,  fo  that  they  might  be  abforbed  by  the  grapes.  And  the 
warmth  on  this  vine  feemed  to  me,  to  be  farther  augmented  from 
this  circumftance,  that  the  ground  which  covered  the  root,  was  very 
curioufly  paved  with  fmall  different-coloured  pebbles,  without  an 
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herb  or  blacfe  of  grafs  appearing  between  them.  And  die  juice,  thus- 
expelled  from  the  branches,  was  infpiflated  or  thickened  on  their  fur- 
faces  into  globules. 

Upon  examining  the  globules  on  the  Hops  by  the  microfcope,  I 
found,  that  the  part  which  might  be  called  their  coat  or  fhell,  was  not 
fmooth,  but  rough,  and  in  wrinkles,  occafioned,  as  I concluded,  by 
this,  that  the  juice  which  i (Tiled  from  the  plant,  and  formed  itfelf  into 
globules,  had,  in  part  evaporated,  whereby  the  outer  furface  or  (kin 
of  thofe  globules,  contra  died  into  wrinkles. 

Thefe  yellow  globules,  when  broken,  and  put  into  a clean  glafs,  I 
buffered  to  hand  in  the  glafs  for  feme  days,  and  then  applied  myfelf 
to  examine  the  oil.  I found  that  great  part  of  this  oil,  had  collected 
itfelf  into  thin  oblong  particles,  and,  in  fuch  numbers,  that  I could  not 
but  filently  wonder  at  the  fight.  Where  this  oily  fubftanee  lay  much 
difperfed,  there,  the  oblong  particles  I have  mentioned,  did  not  ex- 
ceed in  length  the  diameter  of  a very  fine  thread  of  wool,  but,  where 
the  oil  wras  collected  in  larger  quantities,  they  were  four  times  that 
fize.  In  lome  places,  I obferved  oblong  particles,  with  twelve  points, 
i fluing,  as  it  were,  from  a center,  with  one  of  their  ends  terminating 
in  a point,  the  others,  blunt  or  obtufe. 

Now,  we  may  lay  it  down  for  a certain  truth,  that  thofe  pellucid 
and  oblong  particles,  which  I have  mentioned  to  be  intermixed  with 
the  oil,  although,  by  their  minutenefs,  they  efcape  our  fight,  are 
really  a fpecies  of  falts,  and  that  the  bitternefs  which  Hops  impart  to 
beer,  is  produced  by  thofe  falts.  And  we  may  alfo  be  allured,  that 
thefe  minute  falts,  although  they  may  be  a thoufand  times  lefs  than 
what  can  be  feen  by  the  microfcope,  do  yet,  agree  in  fhape  and 
figure,  with  the  larger  falts  of  the  fame  fpecies  compounded  of  them, 
in  like  manner  as  wre  obferve  in  common  fait,  in  nitre,  or  fait  petre, 
and  in  many  other  falts.  The  fame  may  be  obferved,  in  that  kind  of 
fugar  called  fugar-candy  ; for,  upon  this  becoming  damp,  on  being 
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expofed  to  a moift  atmofphere,  when  it  afterwards  dried,  I have  heard 
women  complain  of  its  having  loft  its  bright  colour.  Upon  examin- 
ing into  the  reafon  of  this,  1 found,  that  the  furface  had  been  in  part 
diflblved  by  the  moift  air,  and  when,  in  drying  by  the  fire,  it  again 
became  hard,  an  incredible  multitude  of  final!  particles,  very  many 
of  which  agreed  in  fhape  with  the  larger  parts,  had  collected  upon 
the  furface,  and  this  collection  of  minute  particles,  clouded  the  bright- 
ness of  the  fugar-candy. 

But,  to  return  to  the  falts  in  Hops  ; how  will  thole  philofophers  get 
over  the  difficulty,  who  obftinately  contend,  that  bitternefs  is  caufed 
by  a fort  of  minute  hooks  in  the  falts,  which  by  their  punótures  pro- 
duce that  tafte  we  call  bitternefs  ? 

I have  often  laid  a fingle  leaf  of  the  Hop,  fuch  as  I have  defcribed 
it,  upon  my  tongue,  and  held  it  there  the  fpace  of  half  a minute  ; for 
I was  defirous  to  try  the  experiment,  whether  fuch  a fingle  leaf, 
which  is  frequently  covered  with  the  yellow  globules  I have  defcribed, 
could  excite  a fenfe  of  bitternefs.  And,  it  is  not  without  wonder,  I 
declare,  that  fuch  a fingle  leaf,  upon  being  ftrongly  comprelfed  be™ 
tween  the  tongue  and  the  palate,  fpread  all  over  my  tongue  a very 
bitter  tafte,  and  indeed,  much  ftronger  than  I expefted. 

Not  content  with  thefe  obfervations,  I placed  a parcel  of  thefe  oily 
globules,  fome  of  them  pounded  or  brui  fed,  fome  of  them  entire,  in 
two  Separate  glaffes,  and,  with  all  the  attention  I was  able,  I examined 
them  by  the  microfcope,  but  I did  not  find  any  particular  kind  of 
particles  in  them, 

I then  placed  the  glaffes  in  my  cabinet,  and,  that  no  kind  of  filth 
or  dirt  might  become  mixed  with  the  oil,  I covered  them  with  paper. 
After  twenty-four  hours  had  elapfed,  I examined  them  very  atten- 
tively, and,  in  fome  few  places,  I perceived  fome  of  thofe  oblong  par- 
ticles I have  before  mentioned,  which  were  very  fmall  and  thin,  and 
after  twenty-four  hours  longer  time,  a much  larger  portion  of  fuch 
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falls  was  difcoverable.  Thefe  obfervations  were  in  the  winter,  when 
the  weather  was  not  favourable  for  fiich  enquiries  ; but,  had  they 
been  made  in  a milder  feafon  of  the  year,  1 doubt  not,  that  the  halts 
would  have  been  formed  more  fpeedily,  and  in  greater  plenty. 

Ï think  it  might  be  worth  while,  in  the  hummer-time,  to  examine 
the  flowers  and  bloffoms  of  various  trees,  particularly  thofe,  of  which 
bees  appear  the  fondeft,  by  which  examination  it'  might  perhaps  be 
difcovered,  what  kind  of  fubftance,  if  any,  and  of  what  qualities  or 
properties,  ilTues  from  fuch  flowers,  and  adheres  to  their  furfaces. 

Atone  time,  in  the  month  of  October,  I was  informed  by  a Hop 
Factor,  that  the  Hops  in  that  year,  were  of  an  excellent  quality, 
whereupon  I procured  fome  of  the  feed  pods,  of  that  year’s  growth. 
Upon  examination,  i found  each  of  thefe  feed  pods  to  contain  thirty 
or  even  forty  feeds.  When  I had  ftripped  the  feeds  of  the  fmall 
leaves  or  integuments  furrounding  them,  I obferved,  that  the  young 
plants  within  them  contained,  in  proportion  to  their  fize,  abundance 
of  oil.  1 farther  noted,  what  I have  already  mentioned,  that  each 
young  plant  had  two  leaves,  and  thefe  in  proportion  to  the  minute- 
nefs  of  the  plant,  were  remarkably  long.  Thefe  leaves  lay  in  each 
feed  compacted  and  twined  together,  much  like  the  fpiral  folds  in  the* 
fhell  of  a fnail ; and,  when  I laid  open  the  folds,  I faw  within  them, 
ftill  more  leaves,  but  exceffively  minute,  and  which  indeed,  I could 
not  difcover  in  all  the  feeds.  From  hence  it  appears,  that  the  feeds 
of  the  Hop  differ  from  rnoft  of  the  larger  fort  of  feeds,  and  do  not 
contain  in  them  any  fubftance  to  nourifh  the  young  plant,  which 
plant  therefore  is  more  perfeétly  formed  than  that  in  die  larger  feed 
of  the  Chefnut. 

As  to  thofe  beautiful  globules  which  I have  before  mentioned  to 
have  obferved,  thofe,  in  this  fpecimen  of  the  Hop,  were  dried,  and 
rather  fhrivelled.  Having  broken  them,  1 put  them  into  a glafs,  and 
breathed  on  them  with  my  warm  breath  two  or  three  times,  where- 
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upon  the  oil  diffolved  into  a wonderfully  fluid  fubftance.  The  glafs 
1 then  placed,  where  no  duft  could  reach  it,  and,  upon  examining  it  the 
next  day,  I faw  fucli  a multitude  of  falts  of  different  magnitudes  dif- 
perfed  about  the  oil,  as  it  would  almoft  exceed  belief  to  relate.  Moll 
of  thefe  falts  were  pointed  at  each  end,  but  many  of  them  were  fo 
minute,  that  their  figure  could  not  be  known  or  judged  of,  but  by  re- 
ference to  the  larger  ones  adjoining  to  them.  In  fome  of  my  obser- 
vations on  this  oil,  I found  the  falts  to  appear  in  it,  at  the  expiration 
of  only  half  an  hour  after  it  had  been  put  into  the  glafs,  and  they 
increafed  in  number  and  fize  every  hour,  the  fmaller  growing  larger, 
and  the  oily  liquor  evaporating ; and  I found  that  this  fpecimen  of 
the  Hop  plant,  contained  twice  as  many  falts  as  were  in  the  former 
one. 

I obferved  one  thing  which  feemed  ftrange  to  me,  namely,  that 
many  of  thofe  oblong  falts  which  I had  faid  were  pointed  at  both 
ends,  did  not  extend  in  a ftraight  line,  but  were  fomewhat  bent  or 
doubled  together ; but,  whether  thefe  falts  fo  bent  into  a bow-like 
figure,  do,  for  that  reafon,  excite  the  motion  or  fenfation  in  our 
tongues,  which  we  denominate  bitter,  I leave  to  be  examined  by 
others. 


On  COCHINEAL, 


When  I firft  applied  myfelf  to  inveftigate  the  nature  of  Cochi- 
neal, I concurred  in  the  general  opinion  which  then  prevailed,  that 
it  was  the  fruit  of  foine  tree ; and,  having  at  the  requeft  of  the 
Honourable  Mr.  Boyle,  further  profecuted  the  examination,  each 
tingle  piece,  or  fruit,  as  Ï then  thought  it,  appeared  to  contain  one 
hundred  or  upwards  of  what  feemed  to  me  to  be  very  final!  feeds, 
fhaped  like  eggs,  each  inclofed  in  its  particular  membrane  ; thefe 
objeéts,  however,  I could  not  bring  into  view,  until  the  Cochineal, 
had  lain  in  water  for  fome  hours,  and  then,  the  outer  fkin  being  taken 
off,  thefe  apparent  feeds,  which  were  very  foft,  prefented  them- 
felves  ; many  of  which  were  inclofed  in  the  membranes  I have 
mentioned,  which  feemed  to  be  their  natural  coats  or  coverings,  and 
were  twice  as  large  as  the  feeds  themfelves  : the  membranes  were 
filled  with  a watery  iubftance,  of  a lovely  red,  but  the  feeds  were  of 
a dark  red  or  tawny  colour.  The  feeds  themfelves,  upon  being  dif- 
fered, appeared  toconfift  of  nothing  but  very  minute  globules  of  a 
red  colour. 

The  remainder  of  the  Cochineal,  or  that  part  of  it  which  inclofed 
all  thefe  feeds,  was  compofedof  very  thin  membranes,  which  were  allb 
of  a red  colour,  except  that  a very  final  1 quantity  was  to  be  feen,  of  a 
certain  colourlefs  fubftance,  which,  to  me,  had  the  appearance  of  an  oil. 
And  to  give  an  idea  cf  the  general  appearance  of  the  figure  of  Cochi- 
neal, I know  not  any  manner  of  exprefling  it,  better  than  by  compa- 
nion, with  a parcel  of  dried  black  currants,  with  their  fkins  and  feeds,, 
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resard  beins  neverthelefs  had  to  the  different  fizes  of  the  currants, 
and  the  Cochineal  Laftly,  when  1 divided  the  membranes  or  feeds 
of  which  Cochineal  appeared  to  confift,  into  as  thin  portions  or  par- 
ticles as  I was  able,  thofe  thin  particles,  did  not,  as  I may  fay,  exhi- 
bit any  particular  colour. 

The  preceding  observations  I communicated  by  letter  to  Mr. 
Boyle,  from  whom  I received  an  anfwer,  to  the  following  effect: 
that  he  had  underftood  from  a Governor  of  Jamaica,  that  Cochineal 
was  produced  from  the  fruit  of  the  fig-tree,  when  in  a Hate  of  decay, 
at  which  time,  there  proceeded  from  thence,  certain  maggots  or  an- 
relias,  which  changed  into  flies  ; that  thefe  flies  fettling  on  the  trees 
were  there  killed  by  making  fires  under  the  trees,  the  fmoke  of 
which  caufed  them  to  fall  down  ; after  which,  they  were  ftripped  of 
their  heads,  the  fore  parts  of  their  bodies,  and  their  wings,  and  the 
remainder  preferred  for  life,  fo  that  Cochineal  was  properly,  and  in 
truth,  the  hinder  part  or  tail  of  a fly,  and  confequently,  that  my  oh- 
fervations  were  fo  far  correót,  that  the  iübftances  I had  feen  were 
really  eggs,  fuch  as  are  found  in  the  hinder  part  of  the  filk-worm s 
moth. 

To  this  I replied,  that,  in  my  preceding  observations,  it  was  ini- 
/ poffible  for  me  to  judge,  that  Cochineal  was  an  animal  fubftance, 
becaufe  there  was  nothing  to  be  feen  in  it,  that  refemhled  an  animal- 
cule, and  that  I had  concluded,  if  it  had  been  an  animal,  it  would 
have  been  devoured  by  thofe  minute  animalcules,  called  mites  ; and 
I added,  that  in  consequence  of  the  information  communicated  by  the 
Hon.  Mr.  Boyle,  in  his  letter,  I had  repeated  my  ob fervations,  the 
refult  of  which  as  I communicated  them  to  him,  is  as  follows. 

On  this  renewed  inveftigation  of  the  fubjedt,  I was  fully  convinced, 
that  every  Angle  grain  of  Cochineal,  was  part  of  an  animalcule,  from 
which,  not  only  the  head,  the  fore  part  of  the  body,  and  the  wings, 
had  been  broken  oft’,  but  that  alfo  the  legs,  and  that  part  of  the  body 
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to  which  the  legs  are  joined,  had  been  thrown  away,  io  that  nothing 
was  left,  except  the  animal's  hinder  part ; and  I imagined,  that 
the  colourlefs  fubftance  I before  mentioned,  and  which  is  to  be  ob- 
served in  the  chinks  or  creafes  in  every  grain,  is  home  preparation, 
applied  to  the  Cochineal,  when  it  is  colleóted  for  Sale,  to  defend  it 
from  the  mites,  which  otherwife  would  deftroy  or  devour  it. 

Thefe  creafes  or  rings,  in  every  grain  of  Cochineal,  I imagine  are, 
the  articulations  or  joints,  in  thole  kinds  of  maggots  or  caterpillars, 
which  afterwards  change  into  a flying  infeci : And  I did  not  doubt, 
that,  at  the  proper  feafon,  when  a Similar  kind  of  infeéïs  could  he 
found  in  this  country,  I Should  eftablilh  that  fadt,  allowing  only  for 
the  difference  in  fhape  and  colour  between  them,  and  thofe  which 
eonftitute  Cochineal. 

After  this,  I examined  a large  parcel  of  Cochineal,  and  in  it  I 
found  Several  of  the  fhells  or  coverings  of  the  winsrs,  which  fhells 
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were  of  a black  colour,  with  each  a red  fpot  in  the  middle.  Many 
infedfcs  are  provided  with  thefe  kinds  offhields,  fhells,  or  cafes,  to  de- 
fend their  wings  and  the  hinder  parts  of  their  bodies,  which  are 
very  foft,  from  injury;  and,  when  they  prepare  to  take  their  flight, 
they  eredt  thefe  fhields  or  cafes  upright,  and  fpread  their  wings. 

In  this  parcel  of  Cochineal,  I alio  found  among  the  grains,  Some 


fragments  of  aurelias,  which  I concluded  had  been  formed  from  the 
maggots  or  caterpillars  of  this  fpecies,  and,  in  cue  of  them  was  a piece 
of  a maggot,  which,  in  part,  feemed  to  have  been  devoured  by  mites. 

The  children  in  this  country,  are  accuftomed,  in  the  fpring  time, 
(when  the  white  nettles,  or,  as  they  are  commonly  called,  the  blind 
nettles,  are  in  blofibm)  to  go  in  Search  of  a fpecies  of  Small  flying 
infects,  called  by  them  lady-birds,  which,  for  the  moft  part,  are  to  be 
found  on  thofe  nettles.  The  fubjedt  now  before  me,  caufed  me  to 
turn  my  thoughts  on  thefe  infedts  (though  they  are  Smaller  than 
thofe  whofe  bodies  eonftitute  Cochineal)  and  1 employed  fome  chi  l- 
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dr  en,  at  the  proper  feafon,  to  collect  fome  of  them  for  me  ; judging 
that,  when  ftripped  of  their  wings  with  the  cafes,  and  their  heads  and 
feet,  the  remainder  would  be  found  to  referable  Cochineal. 

Thefe  lady-birds,  as  they  are  called,  I killed  with  the  fmoke  of 
lulphur,  and  afterwards  dried  them  ; and  when  I had  taken  oft'  the 
red  {hells  or  cafes  which  cover  the  hind  parts  of  their  bodies,  I found 
under  them  two  red  wings,  the  extremities  of  which  were  folded  to- 
gether, becaufe,  being  longer  than  the  cafes,  they  cannot  otherwife 
he  covered  by  them.  I alfo  took  oft'  their  wings,  feet,  and  heads, 


and  then  I found,  that  the  cavity  which  is  feen  on  every  grain  of 
Cochineal,  is  on  the  back  or  upper  fide  of  the  animalcule,  and  is 
caufed  by  the  drying ; that  part  of  the  grain  which  appears  with  a 
kind  of  rifing,  is  the  lower  part  or  belly.  As  to  thofe  grains  in  Co- 
cluneal,  which  have  f mailer  cavities  than  others,  I conclude,  that  they 
muft  have  been  the  female  infects,  whole  bodies,  being  filled  with 
eggs,  do  not  admit  of  their  contracting  in  fo  great  a degree  ; and 
though  the  hind  parts  of  the  bodies  of  thofe  infefts  which  compofe 
Cochineal,  do  fomewhat  differ  from  thole  of  the  lady-birds,  yet,  I 
was  now,  more  than  ever,  allured,  that,  not  only  the  infedt  which 
produces  the  Cochineal,  but  alfo  thofe  others  I have  juft  mentioned, 
are  formed  from  maggots  or  caterpillars.  For,  if  we  confider  the 
nature  of  all  thofe  flying  animals  which  are  bred  from  caterpillars, 
maggots,  or,  what  are  called  gentles,  we  fhali  find,  that  all  thofe 
annular  parts,  articulations,  or  circular  creafes,  which  are  in  the 
caterpillars,  maggots,  and  gentles,  are  alfo  found  in  the  flying  in- 
fects bred  from  them  ; and  in  the  fame  number.  To  inftance  in  the 
gentle,  from  which  the  common  fly  is  bred ; if  we  examine  the  fly, 
and  confider  its  head  to  be  compofed  of  one  of  the  annular  parts,  or 
articulations  in  the  gentle,  we  lhall  find  that  the  breaft  to  which  are 
joined  the  fix  feet,  contains  three  diffinct  articulations,  and  the  hind 
part  of  the  body  five  moie.  In  a word,  the  body  of  the  fly  is  divided 
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into  nine  feveral  parts,  joints',  or  articulations,  and  fo  many  alfo  are 
found  in  the  gentle.  This  gives  the  reafon,  why  we  mu  ft  not  1 up- 
pole,  that  the  rings  or  creafes  which  we  fee  on  the  grains  of  Cochi- 
neal, are  accidentally  produced  in  the  drying,  for  they  were  com- 
pleatly  formed  in  the  maggot,  from  whence  the  flying  infeél  iffued, 
the  hinder  part  of  whofe  body  conftitutes'  that  fub fiance  named 
Cochineal , of  which,  if  we  examine  the  grains,  we  fhall  find  them 
to  contain  ten  articulations  ; and  the  fore  part  of  the  infecfis  body, 
which  includes  the  head  and  feet,  and  the  wings  with  their  cafes, 
being  compofed  of  four  joints  or  rings,  it  follows,  that  the  Cochineal 
infeél  is  formed  of  fourteen  joints,  rings,  or  articulations. 

After  I had  left  the  grains  of  Cochineal  in  water,  for  the  fpace  of 
twenty-four  hours  or  upwards,  I obferved,  that  the  cavity,  which 
had  been  caufed  in  them  by  the  drying,  was  fwelled  and  extended 
to  its  original  fhape,  fo  that  the  grains  appeared  exaélly  to  agree,  in 
form  and  make,  with  the  hinder  parts  of  thofe  infeóts,  whofe  wings 
and  bodies  are  covered  with  fhells  or  cafes, 


An  account  offome  pieces  of  Amber  pref ented  to  the  Author ; alfo  of  a 
fubflance  refembling  burnt  paper,  reported  to  have  f alien  out  of  the 
clouds  in  Courland . 

A Pruftian  Gentleman,  by  profeffion  aphyfician,  on  a certain  time, 
earneftly  requefted  me,  by  letter,  to  receive  a vifit  from  him,  and, 
with  the  lame  letter,  tranfmitted  to  me,  fome  fmall  pieces  of  Amber, 
which,  he  laid,  were  fent  as  a prefent  to  me,  from  fome  perfons  of 
note  in  Prulfta. 

In  thefe  pieces  of  Amber  wrere  feveral  fmall  animals,  namely,  a 
Fly,  a Gnat,  a Spider,  and  an  Ant.  In  the  two  firft  of  thefe  crea- 
tures, I not  only  plainly  law  the  wings,  but,  by  the  microfcope  I 
could  difcover  the  feathers  and  hairs  on  them,  and  alfo  thofe  protu- 
berances or  appearances  like  coral  beads,  of  which  the  eyes  of  thofe 
in  lefts  are  compofed  ; I alfo  faw  the  hairs,  and  nails  or  claws  on  all 
of  them,  as  plainly  as  if  they  had  been  placed  before  the  microfcope, 
without  any  intervening  medium.  In  one  of  thefe  pieces  of  Amber,  I 
law  a little  piece  of  ftraw,  in  which  1 could  diftinguifh  the  tubes  or 
vellels  of  which  ftraw  is  compofed. 

The  manner  how  thefe  animalcules  became  inclofed  in  the  Am- 
ber, and  the  nature  and  compofition  of  Amber,  are  equally  unknown 
to  me  ; and  I cannot  liibfcribe  to  the  theories  or  opinions  of  others, 
which  do  not  feem  fufficiently  fupported,  nor  am  I at  prefent  parti- 
cularly called  upon,  to  make  any  farther  enquiry  into  this  matter. 

The  fame  Gentleman,  among  other  fubjefts  of  converfation,  told 
me,  that  in  Courland,  there  had  been  found  in  a held,  fomethingre- 
Icmbling  burnt  paper,  being  as  much  as  two  or  three  fheets  in  quan- 
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tity,  which  it  was  reported  had  fallen  from  the  clouds  ; that  he  had 
procured  a piece  of  it,  which  he  had  examined  by  the  microfcope, 
but  could  not  form  any  fatisfaciory  judgment  refpeciing  it.  And, 
finding  me  defirous  of  feeing  this  pretended  paper,  he  afterwards 
lent  me  a piece  of  it. 

1 had  not  had  this  fuppofed  paper  in  my  pofleffion  half  an  hour, 
before  I obtained,  by  the  help  of  the  microfcope,  fo  much  infight  into 
its  nature,  that  I judged  it  to  be  a vegetable  production,  of  a fort 
which  grows  in  the  water  ; and  Ï concluded,  that  if  the  faCt  was,  as 
reported,  that  it  had  fallen  from  the  upper  region  of  the  air,  it 
bad  been  carried  up  thither  by  what  is  called  a water  fpout ; though 
I am  much  more  inclined  to  believe,  that  by  feme  heavy  ft  or  in  of 
rain,  or  the  melting  of  fnow,  (if  the  country  is  mountainous)  the 
ponds  or  ditches  might  have  overflowed,  and  carried  with  their  cum 
rent  this  vegetable  production  while  green,  leaving  it  on  feme  field  of 
grafs  or  arable  land,  and  there,  by  the  fun  and  wind,  it  might  be  very 
much  dried,  fo  as,  in  feme  meafure,  to  refemble  burnt  paper : more- 
over, I was  well  allured,  that  I had  feen  this  kind  of  f abidance  in  con- 
ii durable  quantities  in  ponds,  ditches,  or  canals,  in  this  country ; my 
only  difficulty  was,  to  difcover,  how  it  acquired  the  black  or  appa- 
rently burnt  colour  before  mentioned. 

j 

To  fatisfy  myfelf  in  this  refpeCt,  I went  to  feme  ftagnating  pieces 
of  water  in  the  neighbourhood  of  thus  town,  where  I had  feen  this 
vegetable,  which  is  an  aquatic  plant  or  weed,  in  great  abundance, 
feme  of  it  I brought  home  with  me,  and  fpreading  it  open  between 
pieces  of  thick  paper,  I laid  it  before  the  fire  to  dry.  I then  perceived 
that  where  many  pieces  lay  heaped  one  on  another,  their  natural 
green  was  changed  to  a blackifh  caft  ; but,  where  the  pieces  lay  fingly, 
they  preferved  their  green  colour. 

After  this,  I examined  the  before  mentioned  imaginary  paper  more 
.accurately,  and  I law  very  diftinCtly,  that  it  was  exaCHy  of  the  fame 
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make  and  texture,  with  the  pieces  of  green  plant  or  weed  I had  ga- 
thered ; and,  upon  examining  this  laft,  when  in  the  fame  ftate  as  I 
took  it  out  of  the  water,  I faw  by  a common  magnifier,  what  feemed 
to  me  like  very  thin  threads  in  it,  much  finer  than  hairs  ; they  were 
round,  and  their  membranes  or  coats  very  tranfparent,  and  they  were 
filled  with  great  numbers  of  green  globules,  of  different  fizes,  the- 
molt  of  them  about  the  fixth  part  as  large  as  a globule  of  the  human 
blood.  And  though  this  green  weed,  when  I fir  ft  laid  it  to  dry,  was 
in  parcels  heaped  together,  to  the  thicknefs  of  one's  little  finger,, 
yet,  when  dried,  it  was  no  thicker  than  common  paper,  whence  may 
be  gathered,  what  a vaft  quantity  of  watery  particles  are  contained  in 
this  aquatic  plant  or  weed. 

In  a word,  this  fuppofed  paper  from  Courland,  which  is  there 
reported  to  have  fallen  from  the  clouds,  and  the  green  weed  or  leaf, 
prepared  by  me  in  imitation  of  it,  are,  in  their  component  parts,  fo 
exaétly  alike,  that  they  may  be  faid  to  be  one  and  the  fame.  For, 
in  divers  of  the  filaments  or  threads  of  the  firft,  I could  perceive  the 
membranes  compofmg  them  to  be  the  fame  as  in  the  fecond,  and,  in 
an  hundred  places,  I could  perceive  thefe  filaments  to  be  furnifhed 
with  joints,  which  were  alike  formed  in  each  fpecimem 

Thefe  obfervations  fhew,  how  far  conceit  and  imagination  will  lead 
feme  people,  and  who  knows,  how  many  perfons  may  have  pieces 
of  this  imaginary  paper,  treafured  up  in  their  cabinets  as  great 
rarities  ? 


Of  the  herb  Periwinkle , wherein  the  opinion  that  it  does  not  hear  any 

feed , is  refuted . 


I WAS  induced  to  turn  my  thoughts  to  the  confi deration  of  the 
herb  Periwinkle,  from  an  opinion  which  is  entertained,  that,  though 
it  hears  a flower,  it  does  not  produce  any  feed,  I therefore  pro- 
cured fome  blofloms  or  flowers  of  this  herb,  as  they  grew  on  the 
ftalks,  for  I was  well  afiiired,  that  no  flower  is  produced  by  any 
plant,  which,  when  it  falls  off,  is  not  fucceeded  by  fome  kind  of 
feed.  And,  upon  examining  by  the  microfcope  thefe  flowers,  and 
the  remains,  as  I may  fay,  of  fome  of  them,  which  adhered  to  the 
ftalk,  in  the  places  where  the  flowers  had  fallen  off,  I very  plainly 
faw,  that  thefe  remains  were  formed  for  the  particular  purpofe  of 
producing  feed  ; for,  in  fome  of  them,  I faw  two  or  three  feeds, 
though  very  minute. 

An  acquaintance  of  mine,  a refpeclable  perfon,  gave  me  fome  of 
thefe  flowers,  which  he  had  gathered  from  a plant,  growing  in  a 
place,  where  the  rays  of  the  fun  feldom  penetrated  : and  the  fame 
perfon,  paffing  by  a houfe,  where  this  plant  was  placed  as  an  orna- 
ment, and  obferving  that  there  were  fome  feeds  on  it,  he  brought 
me  a few  of  thofe  feeds  with  the  fhells  or  pods  inclofing  them.  Thefe 
feeds  were  of  a dark  colour,  oblong,  and  much  larger  than  I 
expected  to  have  feen,  and  they  were  inclofed  in  a ftrong  and 
tough  fhell.  They  were  not  much  fhorter  than  coffee  berries,  though 
the  coffee  berries  are  four  times  as  thick  ; and  laftly,  the  feeds  of 
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the  Periwinkle  are  diltinguifhable  by  the'  fame  kind  of  creafe  or 
chink,  as  is  to  be  feen  in  coffee  berries. 

Six  of  thefe  feeds,  1 fteeped  in  water  for  feveral  hours,  in  order 
that  I might  be  able  to  cut  them,  through  the  hard  fhell  or  hulk, 
into  very  thin  fiices  ; and,  upon  placing  thole  dices  before  the  mi- 
crofcope,  I faw,  in  every  feed,  the  young  plant  concealed.  I faw 
likewife,  in  feveral  of  them,  the  two  leaves  with  which  thefe  kind  of 
young  plants  are  generally  provided,  and  thefe  fmall  leaves,  which, 
in  directing  the  feed,  i had  cut  through,  appeared  fomewhat  of  a 
flat  fhape  : I alfo  could  diltinguifh  the  veins  and  vedels  in  thefe  leaves. 
Upon  repeating  the  experiment,  I cut  through  that  place  in  the  feed 
which  partly  (hoots  upwards  into  a (talk,  and  partly  penetrates,  down- 
wards into  a root.  And  here,  I could  difcern  the  vedels,  deftined  to 
convey  the  juices  upwards  or  downwards,  to  thole  refpeótive  parts  of 
the  plant.  In  fome  of  thefe  feeds,  however,  the  young  plant  was  not 
compleatly  formed. 

After  this,  I cut  the  outer  hulk  or  fhell,  and  the  farinaceous  fub- 
ftance  which  furrounded  the  young  plant,  into  very  fmall  pieces 
lengt hwife,  in  order  to  take  the  young  plant,  whole  and  entire  out  of 
the  feed.  And  having*  fucceeded  therein  to  my  wifh,  I clearly  per- 
ceived in  the  plant  the  two  oblong  leaves  I have  mentioned,  with  their 
vellels  and  veins  ; and  I farther  faw,  that  the  fides  of  the  leaves, 
which  lay  next  eacli  other,  were  fomewhat  flat,  the  outer  fides  of 
them  rounding.  The  veffels  on  the  Tides  of  the  leaves,  on  account 
of  their  opacity,  I could  not  perfectly  diftinguifh.  The  young  plant, 
inclofed  in  the  feed,  I judged  to  be  fixteen  times  fmaller  than  the  feed 
itfelf. 


The  young  plant  in  the  feed  of  this  herb.  Periwinkle,  is  remark- 
ably long  and  (lender ; the  plant  itfelf  does  not  rife  up  into  a (talk, 
but  creeps  along  on  the  ground.  And,  as  in  this  refpeét,  it  is  fimilar 
to  molt  plants  of  the  vine  fpecies,  which  arc  by  nature  what  is  called 
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creeping,  and  therefore  are  ufually  trained  again  ft  fame  fupport ; 
fo,  the  young  plants,  in  the  feeds  of  the  Periwinkle,  and  in  that  of 
the  Vine,  I mean,  what  is  contained  in  the  grape-ftone,  are  of  a 
fimilar  fhape,  though  the  feeds  themfelves,  are  wholly  of  a different 
figure  : and,  as  to  the  circumftance,  that  feeds  are  feldom  found  in 
the  Periwinkle,  whence  the  notion  of  its  being  entirely  deffitute  of 
feeds,  feexns  to  have  proceeded,  1 guefs  this  to  be  the  reafon,  that, 
it  is  generally  planted  in  the  molt  obfcure  and  unfavourable  places, 
where  it  receives  very  few  of  the  fun-beams. 

Moreover,  Ï examined  the  mealy  fubftance  which  furrounds  the  * 
young  plant,  and  found  it  to  confift,  in  part,  of  veficles,  of  equal 
fizes,  but  much  larger,  than  the  veficles  which  are  found  in  the 
cocoa-nut.  When  I ftrongly  compreffed  thefe  mealy  particles,  I ob~ 
ferved  many  oily  parts,  of  a globular  form,  and  fo  large,  that  they 
feemecl  to  be  compofed  of  many  receptacles  of  that  oil. 

Finally,  I placed  fix  of  the  Periwinkle  feeds  in  moifl  fand,  which 
I put  into  a Prong  and  large  glafs  tube  ; this  I carried,  for  the 
fpace  of  an  entire  month,  in  my  pocket,  where,  in  the  day-time  the 
natural  heat  of  my  body  was  imparted  to  them ; and,  at  the  expi- 
ration of  that  time,  I took  out  one  of  the  feeds,  but,  I did  not  per- 
ceive any  alteration  in  it.  I therefore  kept  the  remaining  five  leeds 
in  the  fand,  taking  care,  that  they  fhould  always  be  moift.  And, 
at  the  end  of  another  month,  I again  examined  them,  but  found  their 
figure  unaltered,  though  the  feeds  were  grown  fo  loft,  that,  they 
might  be  broken  with  one's  nail  only.  I then  took  the  young  plants 
out  of  the  feeds,  and  I could  not  obferve  in  them  any.  tendency  to- 
wards decay  or  difiblution,  nor  any  advance  towards  vegetation 
increafe. 

E e 
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Of  the  root  named  * Pareira  Brava. 


ÖEEÏNG,  in  the  Philofophicai  Tranfaciions  of  the  Royal  Society 
of  London,  the  Root  named  Pareira  Brava,  very  much  extolled,  on 
account  of  the  medicinal  virtues  it  is  faid  to  poffefs,  Ï was  induced  to 
publifh  the  obfervationS’  Ï had  made  on  that  root. 

A gentleman  of  forne  confequence  in  this  country,  produced  to 
me  a piece  of  this  root,  adding,  that  it  was  difficult  to  be  met  with, 
and  was  very  highly  valued,  for  that  a few  grains  of  the  powder, 
adminiftered  to  a fick  perfon,  would  be  found  of  fmgular  benefit. 

In  order  to  examine  this  wood  by  the  microfcope,  I obtained  from 
this  gentleman  a fmall,  piece,  from  which  I cut  off  about  the  quan- 
tity of  a grain,  and  this  again,  I divided  into  hill  fmaller  flices, 
feme  by  a longitudinal,  and  lome  by  a tranfverle  left  ion.  I then, 
by  the  help  of  the  microfcope,  difeovered,  that  the  wood  contained 
many  very  large  pores,  in  fome  places  difpofed  fingly,  in  others,  two 
or  three  placed  adjoining  to  each  other.  I next,  put  thefe  very  thin 
llices  into  a perfectly  clean  glafs,  and  poured  water  on  them,  in 
order  to  feparate  from  them,  the  fa  its-  they  might  contain,  which 
I was  very  defirous  to  examine.  Then,  upon  applying  the  micro*- 
fcope,  I obferved  great  numbers  of  exceffively  minute,  glittering 
particles  difpofed  throughout  the  water.  Thefe  particles  were  of 
various  and  peculiar  fhapes,  very  like  thole  falts  which  I have  often 

* This  is  the  root  of  an  American  convolvulus,  (the  ciffampelos  Pareira  of  Linnaeus) 
brought  to  us  from  Brazil.  The  reader  will  find  it  deferibed  in. the  New  Edinburgh  Dif-~ 
p.cnhtory3.  being,  an  improvement  of  Dr*.  .Lewis's* 
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found  in  fea-filh.  Then,  becaufe  Ï imagined  that  thefe  particles,  as 
far  as  I could  judge  by  my  eye,  were  no  other,  than  abfolute  fairs, 
I immerfed  forne  of  them  in  burnt  wine,  to  fee  whether  they  would 
be  diilblved  in  the  wine.  But,  all  of  them  preferved  their  fhapes 
unaltered,  fome  of  them  exhibiting  on  the  glafs,  a triangular  figure, 
and  fome  being  perfectly  fquare.  But,  it  was  my  opinion,  that  thefe 
falts,  had  been  inclofed  in  certain  veficles  in  the  root,  and,  when 
extracted  from  them  by  the  water,  had  concreted  into  the  falts  1 
have  defcribed  ; for,  I had  obferved  the  Pareira  Brava  to  be  fur- 
milled  with  many  of  thole  veficles. 

Not  having  fully  fatisfied  myfelf  by  the  examination  of  this  piece 
of  the  Pareira  Brava,  I endeavoured  to  purchafe  fome  of  the  root  in 
our  town,  but  I found,  that  the  very  name  of  it  was  unknown  here  ; 
however,  in  a neighbouring  town,  where  it  had  been  in  life  for  about 
a twelvemonth,  I procured  an  ounce  and  a quarter,,  and,  upon  com- 
paring this  with  the  former  fpecimen,  by  the  help  of  the  microfcope, 
I found  them  to  correfpond  exactly. 

This  lafi-mentioned  root,  was  a piece,  fplit  lengthwife,  and,  as 
near  as  I could  judge,  of  five  years  growth  : it  was  half  an  inch  in 
thicknefs,  and  the  texture  of  it  appeared  to  me  of  a wonderful 
make.*  I divided  a fmall  piece  of  it,  into  very  minute  fragments, 
•and,  putting  them  into  a clean  glafs  with  fome  rain  water,  I caufed 
the  water  to  boil,  until  more  than  half  of  it  was  boiled  away,  the 
remainder  I took  off  the  fire,  judging,  that  the  faline  particles,  were, 
by  this  boiling  fully  incorporated  with  the  water.  In  this  water, 
-however,  I difcovered  nothing  by  the  microfcope,  except  feveral  very 
fmall  and  thin  membranes  fwimming  on  the  furface : I therefore 
ex  poled  fome  drops  of  it  to  the  air,  in  order,  that  the  evaporation  of 
the  moifture  might  caufe  the  falts  to  concrete.  But,  in  a iiiort  time. 

The  author  has  not  given  a figure  of  this  root. 
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there  appeared  fuch  a membrane  or  film  on  the  furface  of  the  water, 
that  nothing  could  be  diftingui fired  in  the  fluid,  except  fome  excel- 
lively  minute  particles  fwimming  in  the  water  in  fuch  multitudes, 
that,  if  fome  of  them  had  not  collected  together  in  the  form  of  falts, 

I could  not  have  difcovered  them.  And,  I could  not  fufficiently  ad- 
mire, that  from  fo  final!  a fragment  of  the  root,  fuch  a quantity  of 
falts  had  palled  into  the  water. 

After  this  water  had  flood  undid urbed  for  fome  time,  and  the 
films  on  it  were  ftibfided,  I put  a drop  of  it,  about  the  fize 
of  a pin's  head,  into  a clean  glafs,  and  mixed  with  it  fome  blood, 
which,  by  the  punclure  of  a needle,  I drew  from  my  finger.  Where- 
upon I faw,  that  the  globules  of  blood  from  whence  its  rednefs  pro- 
ceeds, were,  upon  being  thus  diluted,  more  feparated  and  fcattered  than 
1 remember  to  have  ever  obferved.  There  was  alfo  this  remarkable 
appearance,  that  moll  of  the  globules  had  a kind  of  finus  or  cavity 
in  them,  the  fame  as  if  one  had  a bladder  filled  with  water,  and  by 
preffing  a finger  on  the  middle  of  the  bladder,  made  a cavity  or  fur- 
row in  it.  And,  when  the  globules,  after  afiuming  a flat  fliape 
( for  when  they  are  fomewhat  difperfed  or  feparated,  their  extreme 
foftnefs  caufes  them  to  become  flat)  got  fomewhat  clofer  together, 
they  put  on  an  oval  figure,  and  then,  the  cavities  I have  mentioned, 
alfo  became  fomewhat  oblong,  But,  when  globules  of  blood  are 
concreted  or  coagulated,  they  exhibit  the  appearance  of  a folid  body, 
the  component  parts  of  which,  cannot  be  difiinguifhed  by  the  eye,  ex- 
cept that,  in  the  coagulated  parts,  they  feem  rather  to  differ  in  fize. 

Now,  having  fo  often  experienced  as  I have  done,  how  very  foft 
are  the  globules  of  blood,  and  how  fpeedilyr  when  flightly  in  con- 
tadl,  and  expofed  to  the  air,  they  coagulate,  I cannot,  in  any  man- 
ner, comprehend,  how  it  is,  that  thofe  globules  when  in  the  veins 
and  arteries,  where  they  fo  flrongly  propel  and  comprefs  one  an- 
other, do  not  coagulate.  Still  lefs  can  I comprehend,  why,  when 
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the  fkin,  or  the  arteries,  are  com pre fled  with  the  hand,  the  blood 
itlelf  does  not  become  thicker. 

After  this,  I cut  the  root  into  many  fmall  pieces,  both  longitu- 
dinally and  tranfverfely,  in  order  to  investigate,  whether  thole  mi- 
nute falts,  which  1 deemed  to  be  in  the  root,  could  be  there  disco- 
vered. For,  I was  perfuaded,  that  there  were  in  the  root,  Some 
kind  of  vehicles,  full  of  a certain  humour  or  moift  fubftance,  and,  that 
upon  the  evaporation  of  the  moifture,  the  faline  particles  which 
abounded  in  it,  concreted  together,  as  I have  mentioned  above. 

Having  now  plenty  of  the  root,  to  purfue  my  experiments,  I 
found,  that  more  than  one-third  part  of  it,  confifted  of  vehicles, 
ariiing  at  the  inner  part  of  the  root,  and  tending  towards  the  exte- 
rior. In  thefe  vehicles,  lay  certain  minute  halts,  collected  as  it  were 
in  chillers,  ho  that  frequently,  fix  or  heven  appeared  together,  in  a cir- 
cular pohition  : and,  where  thefe  clutters  were  longer  than  broad,  I 
judged  that,  at  lead  there  were  twenty  falts  in  every  clutter. 

Thefe  particles,  in  my  opinion,  when  firft  formed  in  the  root,  are 
larger  ; but,  that  in  the  drying,  they  become  fo  clofely  compacted 
together,  that  they  each  affume  different  fhapes,  home  being  trian- 
gular, feme  quadrangular,  &c.  which  I have  alfo  obfervecl,  in  moft 
things  when  heaped  together  promifcuoufly.  From  hence,  at  length 
I gathered,  that  thefe  fmall  particles,  were  no  other  than  very  mi- 
nute falts. 

For  my  farther  fatisfaólion  herein,  I took  feme  of  thefe  very 
minute  falts  out  of  the  membranes  or  vehicles  containing  them,  and 
after  wetting  them  with  rain-water,  I put  them  into  a very  clean 
glafs,  and  placed  them  over  a burning  coal,  in  like  manner  as  I 
have  praflifed  in  experiments  on  the  globules  of  meal.  I then  ob- 
served, that  thefe  particles,  which,  for  the  prefent,  1 will  call  mealy 
particles,  and  which,  before,  were  globular,  now  af fumed  a flat 
fli ape  of  a circular  figure.  So  that,  thefe  particles  may,  perhaps,. 
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without  impropriety,  be  deemed  farinaceous  or  mealy  parts ; for, 
as  I have  faid,  their  globular  form  was  changed  to  that  of  flat  and 
circular,  but  of  different  dimenfions.  This  experiment  I often  re- 
peated, and  always  found  the  event  alike. 

Having  never  before,  found  thefe  collections  of  particles  fur- 
rounded  by  a membrane  in  any  other  wood,  but  only  in  certain  feeds, 
I was  not  content  with  the  examination  of  this  root,  Pareira  Brava, 
but  applied  myfelf  to  the  infpeCtion  of  other  roots,  fuch  as  that  of 
the  China  root*,  in  which,  I not  only  found  the  fame  kind  of 


fubftance,  or  particles,  as  in  the  Pareira  Brava,  but,  the  particles 
were  fo  very  large,  that  I could  very  plainly  perceive  in  them,  the 
fame  kind  of  chink,  furrow,  or  creafe,  as  I have  in  another  place 
mentioned,  to  have  obferved  in  the  grains  and  meal  of  wheat.  And, 
as  to  all  thefe  mealy  particles,  in  both  the  fubjeófs  I have  mentioned, 
I could  perceive  them,  when  brought  to  the  fire,  uniformly  alter 
their  figures,  from  a globular,  to  a flat  and  circular  fliape. 

Now,  fince  it  appears,  that  the  particles  in  the  laft-men- 
tioned  root,  have  in  them  thefe  chinks  or  creafes,  and,  that  when 
wetted  and  afterwards  dried,  they  change  their  figures  as  before  re- 
lated, we  may  reafonably  conclude,  that  the  very  minute  particles 


which  abound  in  the 


Pareira  Brava,  have  alfo  the  fame  kind  of 


chink,  or  furrow,  though  fuch  furrow  is  to  us  invifible. 

Let  us  now  fuppofe  thefe  very  minute  particles,  which  I call 
mealy  ones,  contained  in  the  root  of  the  Pareira  Brava,  to  be  admi- 
nifterecl  as  a medicine,  and  by  the  heat  and  moifture  of  the 
body  to  be  diffolved  : let  us  farther  fuppofe  that  the  particles,  fo  dif- 


loived,  are,  by  the  continual  motion  and  agitation  of  the  boclv,  in  or- 
der, that  they  may  perform  their  office  of  refloring  health,  commi- 
nuted and  broken  into  other  particles  of  inconceivable  tenuity 


% Phis  root  is  very  minutely  deferibed  in  Dr ; Aftruc’s  Treatiieon  the  Venereal  Difeafe. 
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and  finenefs.  We  do  indeed,  hereby  gain  fome  infight  into  the 
manner  of  Nature's  operation  of  healing;  but,  in  what  particular 
manner,  the  particles,  fo  attenuated*  do  act  in  the  accomplifhment  • 
of  her  purpofe,  will,  if  I miftake  not,  for  ever  remain  undifcover- 
able  by  human  powers. 

Farther,  I took  a portion  of  the  root,  in  quantity  about  five  grains 
apothecary's  weight,  and  placed  it  on  the  fire,  in  order  to  draw  from 
it  the  oil  and- volatile  fpirit  it  might  contain.  When  this  was  burnt 
to  a coal ; in  order  to  difcover  its  fixed  falts,  I poured  on  it  a little 
rain  water,  which  water  becoming  very  turbid  and  foul,  by  reafon 
of  the  burnt  matter,  I Framed  it  through  a filtering-paper,  and 
placed  portions  of  it  on  feveral  pieces  of  clean  glafs,  to  the  end,  that 
the  watery  parts  might  evaporate.  Nevertheless,  there  ftill  remained 
Something  of  a vifcous  matter,  from  whence  1 concluded,  that  feme 
parts  of  the  root  had  efcaped  the  fire : this  was  all  that" occurred  to 
me  worthy  of  note  in  this  experiment. 

A certain  phyfician,  in  conversation  on  the  Subject,  fuggefted  to 
me,  that  if  the  coal  of  the  root  was  burnt  to  a white  afh,  the  falts 
would  certainly  be  difeovered. . But,  though,  in  attempting  to  efieét 
this,  the  glafs  on  which  the  pieces  of  root  were  placed,  always 
melted  by  the  violence  of  the  heat,  the  pieces  of  wood  were  never 
burnt  to  allies. 

Hereupon,  I placed  fome  pieces  of  the  Pareira  Brava  root,  on  a 
piece  of  charcoal,  Inch  as  the  goldfmiths  ufe,  and  directed  the 
flame  of  a large  candle  againft  it,  by  the  blaft  of  a blow ‘-pipe  ; by 
which  means,  the  root  was  almoft  all  confirmed"  to  a white  afh  : this, 


1 caft  into  a fmall  quantity  of  water  in  a glafs,  and  filtering  the  wa- 
ter, which  was  very  turbid,  I let  it  fall'  drop  by  drop  on  different 
glaffes,  made  perfectly  clean.  One  of  thefe  glafies  Ï placed  on  a 
burning  coal,  in  order  to  evaporate  the  moifture,  for,  at  that  time, 
the  atmofphere  was  very  damp,  and  rainy.  When  this  drop  of  war 


ter  was  evaporated,  fucli  a quantity  of  falts  appeared,  that  I was 
aftonirhed  at  the  fight ; for  they  lay  heaped  together,  in  like  man- 
ner as,  in  a wood,  the  twigs  and  final!  branches  are  feen  fpread  on 
the  ground.  After  they  had  remained  thus  for  a fmall  time,  though 
within  an  hour,  they  dillblved  into  moifture  : I found  the  fame  ef- 
fect to  follow  breathing  on  them. 


Now,  what  fhall  we  fay  of  this  mod  extraordinary  and  intimate 
union  of  thefe  falts  with  the  root  ? For,  it  has  been  obferved,  that 
though  the  glafs  melted  by  the  vehemence  of  the  heat  applied  to  it, 
the  falts  in  the  pieces  of  root,  which  lay  on  the  glafs,  were  not  ex- 
pelled ; though  afterwards,  when  furrounded  by  a Hr  enger  heat, 
they  were  feparated  from  the  wood. 

When  we  find  thefe  things  upon  experiment,  we  cannot  but  rea- 
fon  thus  with  ourfelves;  How  wonderful  is  the  make  and  texture  of 
this  root,  and  how  powerfully  may  the  fait  which  is  thus  clofely 
united  to  it,  a 61  as  a medicine  on  the  human  body  ! For  my  part,  if 
I may  fpeak  my  opinion,  it  is,  that  the  make  of  thefe  falts  is  not  to 
be  altered  by  the  power  of  fire. 

Again,  upon  confidering  whether  the  charcoal,  which  I had  u fed 
in  the  preceding  experiment,  might  not  pollibly  have  fome  foulnefs  or 
extraneous  matter  on  it,  which  was  imparted  to  the  root  whilft  burn- 
ing', I placed  fome  pieces  of  the  Pareira  Brava  on  a filver  plate,  and, 
when  they  feemed  to  be  quite  burnt  to  afiies,  and  were  glowing  hot, 
I threw  them  into  fome  rain  water,  which  had  been  boiled  in  a clean 
veffel  well  tinned,  and  only  ufed  to  boil  water  for  the  making  of  tea 
or  coffee.  This  water,  after  {training  it  through  filtering  paper,  I 
placed  in  four  fcparate  glafles,  and  f inhered  it  to  remain  there  all 
night.  The  next  day,  the  atmofphere  being  dry  and  clear,  I examined 
them  by  four  feveral  microfcopes,  and  found,  that  the  g reate  It  part, 
but  not  the  whole,  of  the  water  was  evaporated.  The  event  of  the 
experiment  was,  however,  the  fame  as  in  the  laft,  namely,  that  an 
innumerable  multitude  of  the  falts  before  defcribed,  were  to  be  feen, 
and  that  more  diftinélly  than  before. 


On  the  formation  of  the  cry ft  alline  humour  of  the  Eye , in  various  animals , 

birds,  and  fjhes. 
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X HE  cryftalline  or  tranfparent  body  or  fubftance,  (which  is  com- 
monly called  the  cryftalline  humour)  of  the  Eye,  is,  in  confiftence  or 
hardnefs,  almoft  the  fame  as  a prefer ved  nutmeg.  When  I ftrft  began 
to  make  my  obfervations  on  it,  I cut  off,  with  a (harp  razor,  fome  Email 
pieces  or  flices,  and  found  it  to  confift  of  a fort  of  fcaly  particles , laid 
one  on  another,  in  a kind  of  circular  form,  taking  their  origin  from 
the  center,  and  all  of  them  then  feemed  to  me,  to  be  compofed  of 
cryftalline  globules.  After  Ï had  left  this  cryftalline  fubftance,  for 
the  fpace  of  three  days  to  dry,  it  became  fo  hard,  that  it  flew  into 
pieces  before  the  edge  of  the  knife,  after  the  manner  of  roftn. 
Upon  again  examining  its  nature  and  composition,  I perceived,  not 
only  the  fcaly  formation,  and  in  the  circular  direction  I have  .mentioned, 
but  I uncovered,  that  each  of  the  fcales  or  coats  was  compofed  of 
parts,  lying  in  a circular  pofition,  and  in  regular  order,  in  refpect  to 
each  other.  In  other  words,  the  formation  of  the  cryftalline  hu- 
mour, may  be  compared  to  a Small  globe,  or  Sphere,  made  up  of 
thin  pieces  of  paper,  laid  one  on  another  : this  will. ferve  to  give  an 
idea  of  the  fcales  or  coats  above  mentioned,  and,  fuppofing  each 
paper  to  be  compofed  of  particles  or  lines,  placed  fomewhat  in  the 
pofition  of  the  meridian  lines  on  a globe,  extending  from  one  pole 
to  the  other,  this  may  explain  the  nature  of  the  component  parts  of 
thole  fcales  or  coats. 

After  thefe  ftrft  observations,  I employed  myfelf,  more  narrowly 
to  examine,  the  eyes  of  oxen  and  cows;  for,  Ï thought,  that  I had 
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not  then,  inveiiigated  the  formation  of  the  cry  ft  al  line  humour,  lb 
accurately  as.  I ought  to  have  done. 

I,  therefore,  fir  ft  fat  about  examining  that  pellicle  or  thin  mem- 
brane, wherein  the  cryftalline  humour  is  inclofecl,  and  by  which  it 
is,  as  it  were,  feparated  from  the  other  humours,  compoftng  the 
lubftance  of  the  Eye.  I was  then,  well  allured,  that  Ï faw  this 
membrane  to  be  compofed  of  threads  or  filaments,  though  after- 
wards, notwithftanding  the  greateft  attention  that  I could  beftow, 
I could  not  diftinguilh  inch  filaments. 

In  this  examination,  I fometimes,  but  not  often,  obferved,  thatthe 
fmall  fibres  compoftng  the  filamentary  fubftance  of  the  external  coat 
of  the  cryftalline  humour,  were  united  to  the  before  mentioned  mem- 
brane ; whence  I concluded,  that  this  membrane  was  eflential  to  the 
cryftalline  humour,  in  order  to  fmooth  any  inequalities  that  there 
might  be  in  the  filaments  of  its  external  coat,  and  make  its  round 
furface  perfeftly  even. 

I alfo  confidered  with  myfelf,  whether  this  membrane  might 
not  be  formed,  for  the  purpofe,  occaflonally,  by  its  comprefiion, 
to  alter  the  figure  of  the  cryftalline  humour ; that  is,  to  make  its 
rounding  fliape  flatter  at  times,  as  the  purpofes  of  vifion  might  re- 
quire ; and,  if  fo,  this  part  of  the  Eye  which  has  hitherto  been  called 
the  cryftalline  humour,  ought  rather  to  be  named,  the  cryftal- 
line mufcle  of  the  Eye  : and  yet,  I cannot  affirm  with  certainty, 
that  I have  clearly  leen  this  membrane  to  be  compofed  of  filaments 
intermixed  one  among  another,  though,  I am  well  allured  that  it  can- 
not be  formed  in  any  other  manner ; for,  I have  always  found  every 
kind  of  thin  membrane  which  I examined,  to  be  of  a filamentary  or 
fibrous  make.  With  regardto  this, now  under  confideration,  I perceived, 
when  viewing  it  Tideways,  that  it  was  compofed  of  a kind  of  ftreaks 
perfectly  tranfparent,  which  I concluded  to  be,  home  lymphatic 
vefleks,  defuned  for  the  nourifhment  of  the  cryftalline  humour  ; but 
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when  I followed  with  my  eye,  thefe  breaks,  or  lymphatic  veffels,  to 
the  part  where  they  joined  the  cryftalline  humour,  they  became  fo 
flender,  that  they  vanifhed  from  my  fight. 

With  regard  to  the  before  mentioned  fcales  or  coats,  which  comoofe 
the  cryftalline  humour,  I found  them  to  be  fo  exceedingly  thin,  that, 
meafuring  them  by  my  eye,  I mu  ft  fay,  there  were  more  than  two 
thoufand  of  them,  lying  one  on  another.  For,  when  I had  ftripped 
the  cryftalline  humour  of  the  membrane  in  which  it  was  indofed,  1 
found,  that  its  axis  or  diameter  where  it  was  thickeft,  (for  it  is  not  a 
perfeéf  globe,  but  fomewhat  flattened)  was  equal  to  two  third  parts 
of  an  inch  ; therefore,  from  the  center  to  the  circumference,  is  one 
third  of  an  inch  ; and,  as  I have  found  by  repeated  experiments,  that 
fix  hundred  hairs  of  a man’s  head,  are  in  breadth  equal  to  an  inch, 
two  hundred  of  them  conftitute  the  third  of  an  inch.  Now,  I have 
feen,  that  where  ten  of  the  before  mentioned  fcales  or  coats  lay 
clofe,  one  on  another,  they  were  not,  altogether,  equal  to  the  diame- 
ter of  an  hair  ; therefore,  if  thefe  ten  be  multiplied  by  two  hundred, 
it  follows,  as  I have  before  mentioned,  that  the  cryftalline  humour 
is,  in  its  fubftance  or  thicknefs,  compofed  of  more  than  two  thoufand 
fcales  or  coats : and  iaftiy  I faw,  that  each  of  thefe  coats  or  fcales 
was  formed  of  filaments  or  threads,  placed  in  regular  order*  fide  by 
fide,  each  coat  being  of  the  thicknefs  of  one  fuch  filament. 

In  order  to  explain  to  the  reader,  the  nature  of  this  formation  of  the 
cryftalline  humour,  that  is,  how  it  is  compofed  of  fibres  or  filaments, 
I have,  in  the  following  figures,  represented  thofe  filaments  by  lines 
drawn  in  a circle,  as  accurately  as  I was  able ; fir  ft  premifmg,  that  in 
Plate  VIII.  jig.  i.  ABC  represents  the  cryftalline  humour,  in  an  ox’s 
eye,  of  its  natural  fize  ; B,  is  the  place  in  that  part  of  the  tunica 
cornea,  or  horny  coat  of  the  eye,  through  which  the  rays  of  light 
pafs.  In  the  following  figures,  the  natural  dimenfions  are  increafed, 
in  order  that  the  filaments  of  which  the  fcales  or  coats  are  compofed* 
may  be  exhibited  more  diftincily. 
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line  humour,  piótured  at  jig.  1,  but,  which  is  here  to  be  confidered, 
as  ' if  that  figure  did  prelent  a circular  lhape  to  the  eye.  Jn  this 
figure,  are  many  lines  to  reprefent  the  courie  or  direction  of  the 
filaments,  but,  it  muft  not  he  fuppofed  to  give 
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of  their  numbers,  the  circumference  of  the  cryftalline  humour  of 


an  ox's  eve,  containing  more  than  twelve  thoufand ' of  fuch  fila 


ments.  For,  ten  of  thefe  filaments  laid  fide 


are 
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observed)  not  equal  to  the  diameter  of  an  hair  ; and  the  whole  axis  or 
diameter  of  the  cry  fi  alline  humour  being,  as  before  noted,  equal  to 
four  hundred  hair’s  breadth,  it  conn  ft  $ of  four  thoufand  filaments  in 
diameter.  And,  by  the  common  rules  of  arithmetic,  whereby  we  find 
the  circumference  of  a circle,  of  a given  diameter,  it  will  be  found,  that 
the  circumference  of  the  cryftalline  humour  in  an  ox’s  eye,  confifts  of 
12*714.  filaments. 

Hence  we  may  collect,  how  excelli vely  thin  thefe  filaments  are  ; 
and,  we  fhall  be  ftruck  with  admiration,  in  viewing  the  wonderful 
manner  they  take  their  courfe,  not,  in  a regular  circle  round  the  hall 
of  the  cryftalline  humour,  as  I firft  thought,  but,  by  three  different 
circuits,  proceeding  from  the  point  L,  which  point,  I will  call  their  axis 
or  center.  They  do  not,  on  the  other  fide  of  the  fphere,  approach  each 
other  in  a center  like  this  at  L,  but  return  in  a fhort  or  fudden  turn 
or  bend,  where  they  are  the  fliorteft,  fo  that,  the  filaments  of  which 
each  coat  is  compofecl,  have  not  in  reality,  any  termination  or  end. 
To  explain  this  more  particularly,  the  fliorteft  filaments  MK,  HN, 
and  OF,  which  fill  the  fipace  on  the  other  fide  of  the  fphere,  conftitute 
a kind  of  axis  or  center,  fimilar  to  this  at  L ; fo  that,  the  filaments 
MK,  having  gone  their  extent,  and  filled  up  the  fpace  on  the  other 
fide,  in  like  manner  as  is  here  fhewn  by  the  lines  ELÏ,  return  back, 
and  become  the  fliorteft  filaments,  HN.  Thefe  filaments  FIN,  puf- 
fing on  the  other  fide  of  the  fphere,  again  form  another  axis  or  center. 


and  return  in  the  direction  OF,  and  the  filaments.  OF  again,  on  the 
other  fide  of  the  inhere,  collect  round  a third  center,  and  thence  re- 
turn in  the  direction  KM  ; fo  that,  fine  filaments  which  on  this  fide 
are  the  fhorteft , on  the  other  fide  are  the  lonaeft,  and  thofe  which 
there  are  the  fhorteft,  are  here  the  longe  ft. 

In  order  to  exhibit  more  clearly  to  the  view,  fine  nature  and  did- 
pofition  of  thofe  filaments,  conftituting  each  fcale  or  coat  of  the  cry- 
ftaliine  humour,  I have  given  a figure  of  them,  as  feen  fide  ways, 
and  which,  in  the  plate,  is  exprefied  by  lines  ; but  it  mu  ft  be  observ- 
ed,. that  in  tliefe  figures,  the  cryftalline  humour  is  represented  as  if 
it  were  of  a fpherical  form,  and,  in  the  defcription  I call  it  a fphere, 
as  being  more  intelligible  in  the  defcription,  though  in  truth,  it  is  not 
perfectly  globular,  as  i have  before  noted. 

In  Plate  VIII.  fig.  3,  RTFS  W O,  is  defigned  to  reprefent  one  of  the 
coats  of  the  cryftalline  humour,  allowing  for.  the  difference  in  Ihape 
as  before  noted  : P,  and  O are  axes  or  centers,  one  of  which,  P,  in 
fg.  2,  was  fiiewn  at  L ; the  filaments  coming  from  the  point  P,  ( which 
in  fig.  2 is  L)  proceed  to  V,  where  they  are  (horte ft  ; from  whence 
they  return  towards  P,  where  again  they  are  longeft,  and,  from 
P they  proceed  towards  W,  where  they  are  again  fhorteft.  In 
like  manner,  fine  filaments  at  T,  take  their  direction  towards  O,  and 
from  thence  towards  X,  and  from  X again  towards  O : fo  that,  in 
this  figure  (allowing  it  to  be  confidered  as  an  hemifphere)  may  be 
feen  the  one  half  of  the  courfe  or  circuit  of  the  filaments  In  a word, 
the  filaments  LI,  in  fig.  2,  are  the  fame  as  in  this,  are  fhewn  at  P S ; 
and  the  (Laments  between  L and  M in  fig.  2,  are  here  feen  between 
P and  X,  and  thofe  between  L and  O,  in  fig.  2,  are  here,  between  p 
and  T ; fo  that  the  filaments  which  in  fig.  2,  are  feen  between  FOL 
IK  E,  and  in  jig.  3,  in  RT  PS  do  reprefent  the  felf  fame  filaments. 

I m 11  ft  here  farther  obferve,  that  the  filaments,  of  which  the  cry- 
ftalline humour,  or  rather  fubftance,  confifts,  are  thickeft  about  R 
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and  S,  and,  where  they  approach  nearer,  at  P or  0,  they  become  thin- 
ner or  flenderer.  Finally,  upon  an  attentive  examination  of  the  cry- 
ft  alii  lie  humour,  we  lliall  he  convinced,  that  its  tranlparency  is  not  to 
be  exceeded  by  any  glafs,  although  it  conftfts  of  fo  many  thoufand 
filaments,  "which  is  moft  wonderful ; and  the  more,  if  we  confider, 
how  clofely  the  filaments  muft  be  united,  that  they  may  admit  the 
rays  of  light  to  pafs  through  them  in  ftrait  lines  ; for  other  wife,  the 
eryftalline  humour  would  not  be  pellucid,  but  would  exhibit  a white 


appearance. 

In  order  to  explain  this  formation  of  the  eryftalline  humour  It  ill 
more  plainly  to  fome  curious  gentlemen,  I took  a fmali  tennis  ball, 
and  wound  it  clofe  round  about,  with  fome  very  fmali  twine,  confining 
# the  twine  by  pins  ftuck  in  the  ball,  in  the  pofition  or  courfe  which 
the  filaments  take  ; I then  fpread  over  the  whole  fome  ftrong  glue, 
and  when  it  was  dry,  I took  out  the  pins,  and  then  the  twine  thus 
wound  round  the  ball,  gave  a true  reprefentation  of  the  courfe  of  the 
filaments  as  before  described. 

I have  mentioned  in  the  beginning  of  this  Effay,  that  the  parts 
which  I now  plainly  perceive  are  filaments,  I then  thought  were 
compofed  of  globules,  and  this,  in  fome  filaments,  did  then  feem  to 
me  very  apparent ; but,  not  having  feen  the  fame  appearance  uni- 
formly in  all,  I now  conclude,  that  the  filaments  being  (as  before 
mentioned)  moft  clofely  united,  it  might  happen,  that  in  the  feparat- 
ing  them,  fome  fragments  or  particles  of  one,  might  flick  to  another 
of  them,  and  thefe  I might  miftake  for  globules. 

After  this,  I took  the  eyes  of  fheep,  hogs,  dogs,  cats,  and  oilier 
animals,  and  examined  their  eryftalline  humours,  in  the  fame  manner 
as  I had  treated  the  eyes  of  oxen  ; but,  neither  in  the  feales  or  coats 
conftituting  the  eryftalline  humours,  nor  in  the  difpofition  of  the 
filaments,  of  which  each  coat  or  fcale  was  compofed,  did  I perceive 
lire  lead  difference.  Moreover,  l extracted  the  eryftalline  humour. 
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from  the  eyes  of  hares  and  rabbits  ; thefe  alfo,  I found  to  con  hit  of 
fcales  or  coats,  inclofed  one  in  another,  and  each  fcale  or  coat  com- 
pofed  of  filaments  ; but,  whereas  the  filaments  compofing  the  cry- 
ftalline  humour  in  the  eyes  of  the  feveral  animals  Ï have  firft  enu- 
merated , do  arife  from  three  centers,  and  thence  are  difperfed  three 
different  ways  round  the  circumference,  the  filaments  in  thefe  two 
lall  mentioned  animals,  take  only  a twofold  courfe  or  direction.  This 
is  fhewn  in  fig.  4,  ABCD,  which  reprefents  the  hemifphere,  or  one 
half  of  the  cry  ftalline  humour,  in  the  eye  of  an  hare  or  a rab- 
bit. E,  is  the  center  near  the  pupil  or  fight  of  the  eye  ; thefe  fila- 
ments, compofing  the  coats  or  fcales,  pafling  through,  or  near  the 
central  point  E,  take  their  courfe,  feme  towards  F,  and  others  to- 
wards G,  fo  that  F and  G,  on  the  contrary  fide,  conftitute  another 
central  point. 

I alfo  made  a drawing,  which  is  copied  at  jig.  5,  of  the  fame. ob- 
ject, as  it  appeared  when  viewed  Tideways,  in  order  more  clearly  to 
Shew  the  nature  of  thefe  lalt  mentioned  filaments,  which,  with  a kind 
of  fibrous  fubftance,  cornpole  each  fcale  or  coat.  I will  fuppofethen, 
that  the  filaments,  which  in  Jig.  4,  are  represented  between  E F,  are 
the  fame  which  in  Jig.  5,  are  pictured  at  the  letters  1Ö  ; fo  that,  the 
filaments  proceeding  from  the  point  I,  that  is,  in  the  former  figure 
at  E,  liereend  their  courfe  at  N and  L,  where  they  are  the  fhorteft, 
and  thole  at  O,  take  their  courfe  through  or  beficle  the  point  or  cen- 
ter N,  where  they  are  the  longed,  and  then  terminate,  or  rather, 
with  a kind  of  flexure  or  bending,  return  as  here  represented.  In  a 
word,  thole  filaments,  which,  on  this  fide,  appear  neareft  the  center, 
would,  on  the  farther  fide  be  feen  remoteft  from  it. 

In  thefe  experiments,  I always  endeavoured,  to  difeover  the  forma- 
tion of  that  part  of  the  Eye  which  anatomifts  call  the  vitreous  or 
glafiy  humour,  and,  which  in  great  part,  Surrounds  the  cry  ftalline 
humour,  becaufe  I was  well  allured,  that  this  vitreous  humour,  was 
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not  a watery  j ubilance,  but  rather  a kind  of  pellucid  mufcle  ; but, 
notwithftanding  all  my  endeavours,  I could  not  form  any  determi- 
nate or  certain  judgment  on  this  head,  becaufe  the  fubftance  of  this 
vitreous  humour,  always  changed  into  a kind  of  watery  matter. 

Moreover,  I examined  the  eyes  of  fillies  ; thefe  are  perfectly 
fpherical,  and  I found,  that  they  confided  of  the  fame  kind  of  thin 
coats  or  fcales,  laid  one  on  another,  as  I have  defcribed  the  eyes  of 
animals  to  be  formed  ; each  coat  or  fcale,  was  alfo  compofed  of 
filaments,  but,  thefe  filaments  have  not  that  kind  of  bending  courfe,  as 
in  animals ; and,  with  all  my  endeavours,  I could  not  difcover  in 
what  direction  they  were  placed  ; for,  where  the  filaments  draw 
towards  a point  or  center,  they  are  fo  exceedingly  (lender,  and  cohere 
1o  cloddy,  that  they  efcape  the  light,  and  caufc  fuch  a confufion  of 
objects,  that  1 cannot  be  certain,  whether  they  terminate  in  that  center, 
or  return  back  again  from  it.  Fig.  6,  ABC  D,  represents  the  cry  ft  al- 
line humour  or  fubftance  in  the  eye  of  a cod-filh  ; and,  though  I 
drew  the  lines,  here  made  to  reprefentthe  filaments,  from  the  center 
or  point  A,  to  the  center  or  point  C,  with  only  a pair  of  compafles, 
wider  apart  than  in  the  other  figures,  yet  the  filaments  which 
■.com pole  thefe  fcales  or  coats,  are  not  in  fact  thicker,  except  in  the 
middle  at  B and  D,  and  the  nearer  they  approach  the  point  A or  C 
the  thinner  the)'  are.  Fig.  7,  (hews  the  natural  fize  of  the  cryftal- 


-iine  numour  in  tins  eye. 

I alfo  examined  the  cryftalline  humour  in  the  eyes  of  birds,  only 
to  fee  how  the.  filaments  compofing  their  coats  or  fcales,  took  their 
courfe  ; and*  at  length,  after  many  obfervations,  I found  the  filaments, 
in  the  eye  of  a turkey,  to  take  the  fame  direction,  as  thofe  in  fifties  : 
but  whereas  the  cryftalline  humour  in  the  eyes  of  fifties  is  perfectly 
round,  that  in  the  eyes  of  birds,  is  flattened,  as  at  fig.  8,  lying,  with  its 
flat  fide  D,  next  the  tunica  cornea  or  horny  coat  of  the  eye.  And,  up- 
co.n  my  cutting  with  a lharp  knife  many  pieces  of  the  fcales  or  coats 
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compofing  it,  in  order  to  reduce  the  fize  fmaller,  it  altered  its  figure 
to  an  oblong  and  flat  fhape,  as  fhewn  at  fig.  g,  where  E is  the  fame 
part  which,  in  fig.  8,  was  fhewn  at  D ; being  the  point  where  the 
ii laments  are  united,  or,  in  other  words,  where  they  fo  clofely  ap- 
proach, and  are  fo  exceedingly  (lender,  as  to  become  invifible  : hence 
we  may  conclude,  that  the  filaments  which  lie  neareft  to  the  central 
point,  being  very  thin,  do  thereby  produce  the  oblong  round  fhape, 
and,  where  the  cryflalline  humour  is  larger,  the  filaments  in  the 
middle  are  thicker,  and  thus  caufe  the  fhape  to  be  flattened,  which  I 
myfelfi  have  feen  ; for  the  filaments  in  the  eye  of  a turkey,  where 
they  were  thickeft,  were,  fingly,  larger  than  thofe  in  the  eye  of  an 
ox,  hog,  or  flieep. 

I have  often,  while  looking  in  a mirror,  taken  notice  of  that  liquid 
fubflance  or  moifiure,  with  which  the  exterior  membrane  or  coat  of 
the  eye  is  covered,  and,  in  which  liquid,  there  are  always  fome  few 
very  minute  globules  intermixed  ; which  moifiure,  and  the  globules 
in  it,  as  often  as  we  fhut  our  eye-lids  are  thereby  made  to  change 
their  places  : feeing  this,  I gathered  the  reafon,  why  it  is  neceflarv 
for  terrefirial  animals  to  be  furnifhed  with  eye-lids  (for  fillies,  and 
other  inhabitants  of  the  waters  do  not  need  them  ) and,  that  if  it  were 
not  for  the  eye-lids,  we  flrould  become  blind  ; becaufe  if  the  eye-lids  did 
not  continually,  when  we  clofe  them,  moifien  the  external  membrane 
or  coat  of  the  eye,  its  furface  would  grow  dry,  and  contract  in 
wrinkles,  efpecially  in  ftrong  funfhine,  or  when  we  approach  a large 
fire.  And  I think  it  very  probable,  that  there  is  continually,  fome 
kind  of  humour  or  moifiure,  protruded  from  the  inner  part  of  the 
eye  through  the  tunica  cornea,  which,  by  the  eye-lids,  is  fpread 
over  the  eye  : for,  in  feveral  eyes  of  hogs,  whofe  bodies  had  been 
immerfed  in  hot  water,  to  facilitate  the  fcraping  off  the  hair,  I almoft 
always  faw  a thin  membrane,  lying*  on  the  outer  furface  of  the  tunica. 
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a,  which  was  fomewhat  fcalded  by  the  water,  and  therefore 
mipmt  eafily  he  taken  off;  and,  upon  compreffing  the  ball  of  the 
eye  between  my  lingers,  I faw  in  many  places,  a thin  watery  matter, 
i fine  from  the  tunica  cornea,  and  appearing  on  its  furface,  like  vapour 
or  iieam , adhering  to  a glafs,  and,  when  the  pre flure  was  continued,  the 
watery  particles,  which  flood  on  the  furface,  in  the  form  of  minute 
drops,  were  fo  much  enlarged,  as  to  run  into  one  another.  And  we 
need  not  wonder  at  this  appearance,  when  we  confider,  that  the  tu- 
nica cornea  is  compofed  of  nothing  but  particles,  like  ftreaks  or  fibrous 
parts  with  their  ramifications,  and  all  of  them  very  thin  and  flender. 

1 at  one  time  cut  the  tunica  cornea  of  an  ox's  eye  into  Inch 
thin  11  ices,  that  the  thicknefs  of  it  was  feven  times  divided,  and,  in 
each  of  thofe  feven  parts,  I faw  with  great  admiration  (and  more 
diftinétly  than  I had  before  done)  the  great  multitudes  of  pellucid 
ftreaks  or  fibres  intermixed  together,  many  of  which  I judged  were 
a kind  of  blood  veftels,  though  fo  frnall  and  flender  , that  they  would 
not  admit  the  globules  of  blood,  which  caufe  its  red  colour,  to  pafs 
through  them  ; and  i conclude  that,  when  we  rub  our  eyes,  thofe 
veftels  may,  by  the  preflure,  be  fo  extended,  as  to  admit  the  red  glo- 
bules of  blood,  which,  for  a time,  ftagnating  there,  caufe  the  eyes  to 
appear  red,  or,  what  is  commonly  called  blood-fhot. 

But,  to  return  to  the  eye-lids,  it  is  my  opinion,  that  they  never 
can  be  confidered  as  in  a ftate  of  reft,  except  when  they  are  fluit ; 
and  hence  it  is,  that  we  cannot  keep  them  fteadily  open,  for  any 
length  of  time,  without  applying  fome  external  force  : and,  as  it  were, 
to  give  them  reft,  we  frequently  (and  involuntarily)  clofe  them; 
which  involuntary  motion  in  the  eye-lids,  does,  I doubt  not,  by  pref- 
ixing on  the  orifice  of  fome  minute  lymphatic  veftels,  caufe  them 
continually  to  emit  fmall  portions  of  the  lymph,  whereby  the  tunica 
cornea  is  continually  kept  moift,  as  has  been  before  obferved.  And 
1 have  feen  perfons,  in  a public  audience,  when  very  attentive,  clofe 
their  eyes,  though  fome  did  this  more  frequently  than  others. 
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Myfelf,  and  thofe  of  my  family,  have  often,  when  contemplating 
objects  by  the  micro fcope,  feen  an  appearance  of  fmall  globules  be- 
fore the  fight,  * which,  I have  no  doubt,  were  particles  hiding  from 
the  veffels  in  the  eye,  and  lying  on  its  furface  : thefe,  v/ith  the 
leaf!  motion  of  the  eye,  feemed  to  be  in  great  agitation,  and  many 
would  affirm,  that  they  faw  living  creatures  before  their  fight  ; but 
whoever  gives  this  lubjecl  an  attentive  confi deration,  will  find,  that 
thefe  globules  or  breaks,  though  they  feem,  while  the  eye  is 
kept  ft  ill,  to  be  in  motion,  fometimes  upwards  and  fometimes  down- 
wards, yet  they  do  not  alter  their  pofition  in  refpehi  of  each  other  ; 
and  perhaps  at  another  time  we  fhall  fee  none,  or  if  any,  of  a very 
different  kind.  I believe,  however,  that  this  appearance  is  what  has 
led  fome  people  to  fancy,  that  they  beheld  animalcules  moving  in 
water,  even  after  it  has  been  boiled,  and  to  affirm,  that  thefe  are  the 
fame  kind  of  animalcules  which  I profefs  to  have  plainly  feen  : 
but  we  muff:  forgive  fuch  perfons  their  error,  confidering  they 
know  no  better. 

* The  Tranfiator  can  give  a (Long  fimilar  inftance,  from  his  own  painful  experience  ; for, 
having  met  with  an  accident  by  which  the  furface  of  his  eye  was  injured,  the  confequence  was, 
for  fome  hours  after  the  hurt,  an  appearance  of  minute,  wonderfully  bright  globules,  Teeming 
to  whirl  round  the  ball  of  the  eye  with  a rapidity  like  lightning ; and,  for  feveral  following 
days,  many  darkfpecks,  in  motion  before  the  fight;  but  all,  as  Mr. Leeuwenhoek  fays,  pre- 
ferving  the  fame  diflance  in  refpedt  of  each  other  : one  of  thefe  in  particular,  appeared  in  fize5 
colour,  and  fhape,  much  like  a common  fly,  which  feemed  to  be  running  along  the  wainfcot  of 
the  rooms  or  upon  the  table. 


+ 

G g 2 


ADDITION,  BY  THE  TRANSLATOR, 


THE  preceding  Efiay  is  one  of  the  moft  curious,  and  the  Trans- 
lator conceives,  that  his  Readers  will  deem  it  the  moft  interefting,  of 
any  in  this  Work  ; forafmuch  as  it  refpedts  the  choiceft  corporeal 
gift  of  God  to  his  creatures,  the  Bleffing  of  Sight : and,  for  the 
in  formation  of  thofe,  who  are  not  acquainted  with  the  particular  ft  rue- 
ture  of  that  wonderful  Organ,  the  Eye  ; the  following  defeription  of 
it  is  fubjoined,  taken  from  Mr.  Adams's  Eflay  on  Vifion,  a fmall 
Treatife,  well  worthy  the  perufal  of  every  one. 

“ Of  the  Globe  of  the  Eye. 

If  the  conftruófion  of  the  Univerfe  were  notfo  evident  a proof  of 
“ the  exiftence  of  a fupremely  wife  and  benevolent  Creator,  as  to 
“ render  particular  arguments  unneceflary,  the  ftrudture  of  the  eye 
“ might  be  offered  as  one,  by  no  means  the  leaft  ; this  inftance, 
“ among  numberlefs  others,  demonftrating,  that  the  heft  perform- 
“ ances  of  art  are  infinitely  Ihort  of  thofe  which  are  continually  pro- 
“ duced  by  the  Divine  Mechanic. 

“ The  globe  of  the  eye,  or  the  organ  of  fight,  may  be  defined  in 
“ general  as  a kind  of  cafe,  confifting  of  feveral  coats,  containing 
“ three  pellucid  humours,  which  are  lb  adjufted,  that  the  rays  pro- 
“ ceeding  from  luminous  objedfs,  and  admitted  at  a hole  in  the  fore 
^ part  of  the  eye,  are  brought  to  a focus  upon  the  back  part  of  it, 
“ where  they  fall  upon  a loft  pulpy  fubftance,  from  whence  the  mind 
“ receives  it's  intelligence  of  viable  objedfs. 

“ It  is  not  to  be  expedted,  that  any  account  given  of  the  eve  can  be 
altogether  accurate  ; for  as  it  is  impoffible  to  examine  all  the 
“ parts  of  the  eye  whilft  in  a natural  and  living  liate,  fo  it  is  alfo 
46  nearly  impoffible,  when  it  is  taken  out  of  its  focket,  to  prefers e 
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“ the  figure  of  the  parts  entire ; a circumftance  which  accounts  for 
44  the  difagreement  we  find  among  anatomifts. 

44  Of  the  Coats  of  the  Eye . 

44  The  eye  is  compofed  externally  of  three  coats,  or  teguments, 
44  one  covering  the  other,  and  forming  a ball  perfectly  globular,  ex- 
44  cept  at  the  fore  part,  which  is  a little  more  protuberant  than  the 
44  reft  ; within  this  ball  are  three  different  fubftances  called  humours. 

44  The  firft,  or  outer  coat,  is  called  the  fclerotica  ; the  fecond,  or 
44  middle  one,  is  called  the  choroides ; the  interior  one  is  named  the 
44  retina . 

44  Sclerotica . Cornea . 

u The  exterior  membrane,  which  inclofesand  covers  the  whole  eye, 
44  is  called  the  fclerotica  and  cornea  ; it  is,  however,  ftrictly  fpeak- 
44  ing,  but  one  and  the  fame  membrane,  with  different  names  appro- 
44  priated  to  different  parts  : the  hinder  and  opake  part  being  more 
44  generally  denominated  the  fclerotica,  the  fore  and  tranfparent  part 
44  the  cornea. 

44  The  fclerotica  is  hard,  elaftic,  of  a white  colour,  refembling  a kind 
44  of  parchment ; the  hinder  part  is  very  thick  and  opake,  but 
44  it  grows  gradually  thinner  as  it  advances  towards  the  part  where 
14  the  white  of  the  eye  terminates.  The  fore  part  is  thinner,  and 
44  tranfparent;  it  is  alfo  more  protuberant  and  convex  than  the  reft 
44  of  the  eye,  appearing  like  a legmen t of  a fmall  fphere  applied  to 
44  a larger,  and  is  called  cornea , from  its  transparency.  The  cornea 
54  is  thick,  ftrong,  and  infenfible ; its  tranfparency  is  neceflary  for 
44  the  free  admiffion  of  the  light.  This  membrane  is  compofed  offe- 
44  verai  plates,  laid  one  over  the  other,  replenifhed  with  a clear 
44  water,  and  pellucid  veffels;  thele  plates  are  more  evidently  diff 
44  tindt  in  the  fore  than  the  hinder  part.  The  fclerotica  is  embraced 
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44  on  its  outfide  by  fix  mufcles,  by  which  the  eye  may  be  moved  in 
44  any  direction. 

44  Choroides.  Uvea.  Iris . 

“ Under  the  fclerotica  is  a membrane,  known  by  the  name  of  the 
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44  choroides  ; it  is  a foft  and  tender  coat,  com  poled  of  innumerable  vef- 
44  fels  ; it  is  concentric  to  the  fclerotica,  and  adheres  clofely  to  it  by  a 
44  cellular  fubftance,  and  many  veffels.  This  membrane  is  outwardly 
44  of  a brown  colour,  but  inwardly  of  a more  rufiet  brown,  almoft 
44  black.  Like  the  fclerotica,  it  is  diftinguifhed  by  two  different  names, 
44  the  fore  part  being  called  the  uvea,  while  the  hinder  part  retains 
“ the  name  of  the  choroides. 

44  The  fore  part  commences  at  the  place  where  the  cornea  begins  ; 
44  it  here  attaches  itfelf  more  ftrongly  to  the  fclerotica  by  a cellular 
“ fubftance  forming  a kind  of  white  narrow  circular  rim  : the  cho- 
44  roides  feparates  at  this  place  from  the  fclerotica,  changes  its 
44  diredlion,  turning,  or  rather  folding,  diredtly  inwards,  towards  the 
44  axis  of  the  eye,  cutting  the  eye  as  it  were  tranfverfely  : in  the  mid- 
44  die  of  this  part  is  a round  hole,  called  the  pupil,  or  fight  of  the  eye  : 
44  the  pupil  is  not  exactly  in  the  middle  of  the  iris,  that  is  to  fay,  the 
44  centers  of  the  pupil  and  iris  do  not  coincide,  the  former  being  a lit- 
44  tie  nearer  the  noie  than  the  latter. 

44  This  part,  when  it  has  changed  its  direction,  is  no  longer  called 
44  the  choroides;  but  the  anterior  furface,  which  is  of  different  co- 
44  lours,  in  different  fubjedts,  is  called  the  iris ; the  pofterior  furface 
44  is  called  the  uvea,  from  the  black  colour  with  which  it  is  painted. 
*4  The  iris  has  a fmooth  velvet-like  appearance,  and  feems  to  confift  of 
44  fmall filaments  regularly  difpofed,  and  diredled  towards  the  center 
44  of  the  pupil. 

44  The  eye  is  denominated  blue,  black,  &c.  according  to  the  colour 
44  of  the  iris.  The  more  general  colours  are  the  hazel  and  the  blue. 
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and  very  often  both  tliefe  colours  are  found  in  the  lame  eye.  It  has 
been  obferved,  that  in  general,  thofe,  who  fa  hair  and  complexion 
are  light  coloured,  have  the  iris  blue  or  grey  ; and  on  the  contrary, 
thofe  whofe  hair  and  complexion  are  dark,  have  the  iris  of  a deep 
brown : whether  this  occafions  any  difference  in  the  fenfe  of  vifion, 
is  not  difcoverable.  Thofe  eyes  which  are  called  black,  when  nar- 
rowly infpeCted,  are  only  of  a dark  hazel  colour,  appearing  black, 
becaufe  they  are  contrafted  with  the  white  of  the  eye.  The  black 
and  the  blue  are  the  mod  beautiful  colours,  and  give  mod  fire  and 
vivacity  of  expreffion  to  the  eye.  In  black  eyes  there  is  more 
force  and  impetuofity  ; but  the  blue  excel  in  fweetnefs  and  delicacy. 
44  The  pupil  of  the  eye  has  no  determinate  fize,  being  greater  or 
{’mailer,  according  to  the  quantity  of  light  that  falls  upon  the  eye. 
When  the  light  is  ftrong,  or  the  vifual  object  too  luminous,  we  con» 
tract  the  pupil,  in  order  to  intercept  a part  of  the  light,  which 
would  other  wife  hurt  or  dazzle  our  eyes  ; but  when  the  light  is  weak, 
we  enlarge  the  pupil,  that  a greater  quantity  may  enter  the  eye, 
and  thus  make  a ftronger  impreffion  upon  it.  This  aperture  dilates 
alfo  for  viewing  diftant  objects,  and  becomes  narrower  for  fuch  as 
are  near.  The  contraétion  of  the  pupil  is  a Hate  of  violence, 
effedted  by  an  exertion  of  the  will : the  dilatation  is  a remiftion  of 
power,  or  rather  an  intermiffion  of  volition.  The  latitude  of  con- 
traction and  dilatation  of  the  pupil  is  very  confiderahle  ; and  it  is 
very  admirable,  that  while  the  pupil  changes  its  magnitude,  it  pre- 
ferves  its  figure. 

“ Anatomiits  are  not  agreed,  whether  die  iris  be  compofed  of  two 
fets  of  fibres,  the  orbicular  and  radial,  or  of  either.  Haller  fays., 
he  could  never  difcover  the  orbicular  fibres,  even  with  a micro fcope  ; 
the  radial  leem  vifible  to  the  naked  eye,  and  are  fiducient  to  an- 
fwer  all  the  purpofes  required  in  the  motion  of  the  iris  : when  the 
pupil  is  contracted  the  radial  fibres  are  ftrait,  when  it  is  dilated, 
they  are  drawn  into  Terpentine  folds* 
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“ In  children  this  aperture  is  more  dilated  than  in  grown  perfons ; 
“ in  elderly  people  it  is  ftill  fmaller  than  in  adults,  and  has  but  little 
“ motion  ; hence  it  is,  that  thofe  who  begin  to  want  fpeélacles,  are 
“ obliged  to  hold  the  candle  between  the  eye  and  the  paper  they 
“ read,  that  the  ftrong  light  of  the  candle  may  force  their  rigid 
“ pupils  into  fuch  a ftate  of  contraction,  as  will  enable  them  to  fee 
“ diftinélly.  Thofe  who  are  fhort-fighted,  have  the  pupils  of  their 
“eyes,  in  general,  very  large;  whereas  in  thofe  whole  eyes  are 
“ perfect,  or  long-lighted,  they  are  much  fmaller. 

“ The  whole  of  the  choroides  is  opake,  by  which  means  no  light 
“ is  allowed  to  enter  into  the  eye,  but  what  palles  through  the  pupil. 
“ To  render  this  opacity  more  perfeci,  and  the  chamber  of  the  eye 
“ ftill  darker,  the  pofterior  furface  of  this  membrane  is  covered  all 
“ over  with  a black  mucus,  called  the  pigmentum  nigrum.  This  pig— 
“ ment  is  thinneft  upon  the  concave  fide  of  the  choroides,  near  the 
^ retina,  and  on  the  fore  fide  of  the  iris ; but  is  thickeft  on  the  ex~ 
terior  fide  of  the  choroides,  and  the  inner  fide  of  the  uvea. 

“ The  circular  edge  of  the  choroides,  at  that  part  where  it  folds  in- 
“ wards  to  form  the  uvea,  feems  to  be  of  a different  fubftance  from 
“ the  reft  of  the  membrane,  being  much  harder,  more  denfe,  and 
“ of  a white  colour  ; it  has  been  called  by  fome  writers  the  ciliary 
“ circle,  becaufe  the  ligamentum  ciliare  (of  which  we  lhall  foon 
4t  fpeak)  arifes  from  it. 


“ Retina . 

cc  The  third  and  laft  membrane  of  the  eye  is  called  the  retina,  be- 
<c  caufe  it  is  fpread  like  a net  over  the  bottom  of  the  eye  ; others  de~ 
« rive  the  name  from  the  refemblance  of  the  net  which  the  gladia- 
“ tors  called  retiarii , employed  to  entangle  their  antagonifts.  It  is 
*<  the  thinneft  and  leaft  folid  of  the  three  coats,  a fine  expanfion  of 
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the  medullary  part  of  the  optic  nerve.  The  convex  fide  of  it 
lines  the  choroides,  the  concave  fide  covers  the  furface  of  the  vi- 
treous humour,  terminating  where  the  choroides  folds  inwards. 
It  is  an  efiential  organ  of  vifion  ; on  it  the  images  of  objeds  are 
reprefen  ted,  and  their  picture  formed.  This  membrane  appears  to 
be  black  in  infants,  not  fo  black  at  the  age  of  twenty,  of  a greyifh 
colour  about  the  thirtieth  year,  and  in  very  old  age  almoft  white. 
The  retina,  however,  is  always  tranfparent  and  colourlefs  : any  ap- 
parent changes  therefore,  of  its  colour,  mu  ft  depend  upon  altera- 
tions of  the  pigmentum  which  is  feen  through  it. 


“ Optic  Nerve . 

Behind  all  the  coats  is  fxtuated  the  optic  nerve,  which  paffes  out  of 
the  fcull,  through  a fmall  hole  in  the  bottom  of  the  orbit  which 
contains  the  eye.  It  enters  the  orbit  a little  infledled,  of  a figure 
fomewhat  round,  but  compreffed,  and  is  inferted  into  the  globe 
of  the  eye,  not  in  the  middle,  but  a little  higher,  and  nearer  to 
the  nofe ; an  artery  runs  through  the  optic  nerve,  goes  ftrait 
through  the  vitreous  humour,  and  fpreads  itfelf  on  the  membrane 
that  covers  the  back  fide  of  the  cryftalline. 

“ Monk  Mariotte  has  demonftrated,  that  our  eyes  are  infenfible 
at  the  place  where  the  optic  nerve  enters  : if,  therefore,  this  nerve 
had  been  fituated  in  the  axis  of  the  eye  itfelf,  then  the  mid- 
dle part  of  every  objeót  would  have  been  invifible,  and  where  all 
things  contribute  to  make  us  fee  beft,  we  fhould  not  have  feen  at 
all ; but  it  is  wifely  placed  by  the  divine  artift  for  this  and 
other  advantageous  purpofes,  not  in  the  middle,  but,  as  we  have 
already  obferved,  a little  higher  and  nearer  to  the  nofe. 


Of  the  Humours  of  the  Eye . 

“ The  coats  of  the  eye,  which  invert  and  fupport  each  other,  after 
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the  manner  of  an  onion,  or  other  bulbous  root,  include  its  humours, 
by  which  name  are  underftood  three  fubftances,  the  one  a fblid,  the 
other  a loft  body,  and  the  third  truly  a liquor.  Thefe  fubftances 
are  of  fuch  forms  and  tranfparency,  as  not  only  to  tranfmit  rea- 
dily the  rays  of  light,  but  alio  to  give  them  the  pofttion  beft 
adapted  for  the  purpofes  of  vifton.  They  are  clear  like  water,  and 
do  not  tinge  .the  object  with  any  particular  colour. 

“ Aqueous  Humour . 

“ The  1110ft  fluid  of  the  three  humours  is  called  the  aqueous  one  ; 
lilUiig  the  great  interlace  between  the  cornea  and  the  pupil,  and 
alfo  the  fmall  fpace  extending  from  the  uvea  to  the  cryftalline  lens ; 
it  is  thin  and  clear  like  water,  though  fomewhat  more  fpiritous  and 
vifcuous  ; its  quantity  is  fo  conftderable,  that  it  fwells  out  the  fore 
part  of  the  eye  into  a protuberance  very  favourable  to  vifton.  The 
uvea  fwims  in  this  fluid.  It  covers  the  fore  part  of  the  cryftalline; 
that  part  of  this  humour  which  lies  before  the  uvea,  communicates 
with  that  which  is  behind,  by  the  hole  which  forms  the  pupil  of 
the  eye.  It  is  included  in  a membrane,  fo  tender,  that  it  cannot 
be  made  vifible,  nor  preserved,  without  the  moft  concentrated  lixi- 
vial  fluid. 

“ It  has  not  been  clearly  afcertained  whence  this  humour  is  derived  ; 
but  its  fource  muit  be  plentiful : for  if  he  coat  containing  it  be  fo 
wounded,  that  all  the  humour  runs  cut,  anti  the  eye  be  kept  clofed 
for  a feafon,  the  wound  will  heal,  and  the  fluid  be  recruited. 

“ The  colour  and  confidence  of  this  humour  alters  with  age  ; it 
becomes  thicker,  cloudy,  and  lefs  tranfparent  as  we  advance  in 
years,  which  is  one  reafon,  among  others,  why  many  elderly  peo- 
ple do  not  reap  all  that  benefit  from  fpeftacles  which  they  migh 
naturally  expeét 
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c‘  Cry  ft  alline. 

fi  The  fecond  humour  of  the  eye  is  the  cryftalline,  .which  is  as 
tranfparcnt  as  the  pureft  cryftal ; and  though  iefs  in  quantity  than 
the  aqueous  humour,  yet  it  is  of  equal  weight,  being  of  a more 
denfe  and  folid  nature  ; in  confiftency  it  is  fomewhat  like  a hard 
jelly,  growing  fofter  from  the  middle  outwards.  Its  form  is  that 
of  a double  convex  lens,  of  unequal  convexities,  the  rnoft  convex 
part  being  received'  into  an  equal  concavity  in  the  vitreous  humour, 
“ The  cryftalline  is  contained  in  a kind  of  cafe,  or  capfule,  the 
fore  part  of  which  is  very  thick  and  elaftic,  the  hinder  part  is  thin- 
ner and  fofter.  This  capfule  is  fufpended  in  its  place  by  a mul- 
ei e called  ligamentum  ciliare,  which,  together  with  the  cryftalline, 
divides  the  globe  of  the  eye  into  two  unequal  portions ; the  fir  ft: 
and  fmaller  one  contains  the  aqueous  humour,  the  hinder  and 
larger  part  the  vitreous  humour.  The  cryftalline  has  no  vifible 
communication  with  its  capfule,  for  as  foon  as  this  is  opened  the 
humour  within  flips  clean  out. 

“ The  cryftalline  is  placed  fo,  that  its  axis  correfponds  with  that  of 
the  pupil,  and  consequently  it  is  not  exaftly  in  a vertical  plane  di- 
viding the  eye  into  two  equal  parts  ; but  fomewhat  nearer  the  nofe. 
It  is  formed  of  concentric  plates  or  feales,  fucceeding  each  other,  and 
thefe  feales  are  formed  of  fibres  elegantly  figured,  and  wound  up 
in  a ftupendous  manner  ; thefe  are  connected  by  cellular  fibres, 
fo  as  to  form  a tender  cellular  texture.  Between  thefe  feales  is  a 
pellucid  liquor,  which  in  old  age  becomes  of  a yellow  colour.  The 
innermoff  feales  lie  clofer* together,  and  form  at  laft  a fort  of  nu- 
cleus, harder  than  the  reft  of  the  lens.  The  cryftalline  has  no  vi- 
fible communication  with  its  capfule,  fo  that  when  this  is  opened, 
it  readily  flips  out  : fame  fay,  that  a fmall  quantity  of  water  is 
effufed  round  it.  Leeuwenhoek  has  computed  that  there  are 
two  thoufand  laminae,  or  feales,  in  one  cryftalline,  and  that  each 
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“ of  thefe  is  made  up  of  a fingle  fibre,  or  fine  thread,  running  this 
44  way  and  that,  in  feveral  courfes,  and  meeting  in  as  many  centers, 
44  and  yet  not  interfering  with,  or  eroding,  each  other. 

44  The  yellow  colour  wherewith  the 
44  tinged  as  we  advance  in  years,  mu  It  make  all  objects  appear  more 
44  and  more  tinged  with  that  colour  : nor  does  our  being  infenfible  of 
44  any  change  in  the  colour  of  objeóts,  prove  to  us  that  their  colour 
44  continues  the  fame  ; for  in  order  that  we  fhould  be  fenfible  of  this 
44  change,  the  tin  61  ure  mu  ft  not  only  be  confiderable,  but  it  mu  ft  hap- 
44  pen  on  a hidden.  In  the  cataraót  it  is  opake  ; the  feat  of  this  dif- 
order  is  in  the  cryftalline  lens. 

44  Vitreous  Humour . 

44  The  vitreous  is  the  third  humour  of  the  eye ; it  receives  its  name 
44  from  its  appearance,  which  is  like  that  of  melted  glafs.  It  is  nei- 
44  ther  fo  hard  as  the  cryftalline,  nor  fo  liquid  as  the  aqueous  humour; 
44  it  fills  the  greateft  part  of  the  eye,  extending  from  the  infertion  of 
44  the  optic  nerve  to  the  cryftalline  humour.  It  fupports  the  retina, 
44  and  keeps  it  at  a proper  diftance  for  receiving  and  forming  dif» 
44  tinól  images  of  objects, 

44  The  vitreous  humour  is  contained  in  a very  thin  pellucid  membrane, 
44  and  concave  at  its  fore  part,  to  receive  the  cryftalline  ; at  this 
44  place  its  membrane  divides  into  two,  the  one  covering  the  cavity 
44  in  which  the  cryftalline  lies,  the  other  paffing  above,  and  covering 
44  the  fore  part  of  the  cryftalline,  thus  forming  a kind  of  flieath  for 
44  the  cryftalline.  The  fabric  of  the  vitreous  humour  is  cellular, 
44  the  fubftance  of  it  being  divided  by  a very  fine  tranfparent  mem- 
44  brane  into  cellules,  or  little  membraneous  compartments,  con- 
cc  tabling  a very  tranfparent  liquor. 

44  Ligamentum  Ciliare . 

There  is  ftill  one  part  to  be  deferihed,  y/hich,  though  very 


yftalline  is  more  and  more 
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££  delicate  and  fmall,  is  of  great  importance  ; it  is  called  the  liga- 
££  mentum  ciliare,  becaufeit  is  com  poled  of  final)  filaments,  or  fibres, 
££  not  unlike  the  cilia,  or  eyelafhes ; thefe  fibres  arife  from  the 
££  infide  of  the  choroides,  all  round  the  circular  edge,  where  it  joins 
“ the  uvea  ; from  whence  they  run  upon  the  fore  part  of  the  vitreous 
“ humour,  at  that  place  where  it  divides  to  cover  the  cryftalline ; 
££  thofe  fibres  are  at  fome  difiance  from  one  another,  but  the  inter- 
4£  ftices  are  filled  up  with  a dark-coloured  mucus,  giving  it  the  ap- 
44  pearance  of  a black  membrane» 

44  Of  the  Figure  reprefenting  the  Eye . 

£l£  Figure  10,  reprefents  a fedtion  of  the  eye  through  the  middle, 
4:4  by  an  horizontal  plane  palling  through  both  eyes  ; the  diameter  of 
££  the  figure  is  about  twice  the  diameter  of  the  human  eye» 

££  The  outermoft  coat,  which  is  called  fclerotica , is  reprefented  by 
££  the  fpace  between  the  two  exterior  circles  B F B ; the  more  glo- 
££  bular  part,  adjoining  to  the  fclerotica  at  the  points  BB  reprefented 
“ by  the  fpace  between  the  two  circles  at  B A B,  is  the  cornea . 

£4  The  next  coat  under  the  fclerotica  is  a membrane  of  lefs  firm- 
nefs,  reprefented  by  the  two  innermoft  circles  of  B F B,  and  called 
££  the  choroides . 

((  Adjoining  to  the  choroides,  at  B B,  is  a fiat  membrane,  called 
“ the  uvea:  a a is  the  pupil,  being  a I’m  all  hole  in  the  uvea,  a little 
•££  nearer  the  nofe  than  the  middle. 

“ V the  optic  nerve  ; the  fibres  of  this  nerve,  after  their  entrance 
££  into  the  eye,  fpread  themfelves  over  the  choroides,  forming  a thin 
« membrane,  called  the  retina,  and  is  reprefented  in  the  figure  by 
“ the  thick  lhade  contiguous  to  the  circle  BFB. 

££  E E is  the  cryftalline  humour  ; it  is  lufpended  by  a mufcle  B b bB, 
,«c  called  the  ligamentum  ciliare . This  mufcle  arifes  behind  the  uvea 
at  BB,  where  the  fclerotica  and  cornea  join  together  at  bb,  it 
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enters  the  capfula,  and  thence  fpreads  over  a great  part  of  its 
“ anterior  furface. 

“ The  aqueous  humour  occupies  the  fpace  BA  Bb  Cb. 

The  larger  fpace  Bb  Db  BF  contains  the  vitreous  humour, 

££  The  foregoing  defcription,  we  prefume,  will  be  found  fufficient 
<é  to  give  the  reader  a general  idea  of  the  conftruétion  of  this  won- 
“ derful  organ  : for  a fuller  account  we  muft  refer  him  to  the  writers 
<£  on  anatomy.  Enough  has  been  exhibited  to  fhew  with  what  art 
* and  wilclom  the  eye  has  been  condrudted." 

The  following  is  a quotation  by  Mr.  Adams,  from  Reid's  Inquiry 
into  the  Human  Mind  : 

“ if  we  fhould  fuppofe  an  order  of  beings  endued  with  every  hu- 
“ man  faculty  but  that  of  fight,  how  incredible  would  it  appear  to 
c<  fuch  beings,  accu  domed  only  to  the  flow  information  of  touch,  that 
“ by  the  addition  of  an  organ,  confiding  of  a hall  and  focket  of  an 
<s  inch  diameter,  they  might  be  enabled,  in  an  indant  of  time,  without 
££  changing  their  place,  to  perceive  the  difpofition  of  a whole  army, 

the  order  of  a battle,  the  figure  of  a magnificent  palace,  -or  all 
“ the  variety  of  a beautiful  landfcape  ? If  a man  were,  by  feeling,  to 
“ find  out  the  figure  of  the  Peak  of  Teneriffe,  or  even  of  St.  Peter's 
4£  church  at  Rome,  it  would  be  the  work  of  a life-time. 

££  It  would  appear  dill  more  incredible  to  fuch  beings  as  we  have 
*£  fuppofed,  if  they  were  informed  of  the  dilcoveries  which  may  be 
££  made  by  this  little  organ,  in  things  far  beyond  the  reach  of  any 
££  other  fenfe.  That,  by  means  of  it,  we  can  find  our  way  on  the 
££  pathlefs  ocean,  traverfe  the  globe  of  the  earth,  determine  its  fize 
“ and  figure,  meafure  the  planetary  orbs,  and  make  dilcoveries  in 
“ the  fphere  of  the  fixed  dars. 

“ Would  it  not  appear  dill  more  adonifhing  to  thefe  beings,  if 
“ they  fhould  be  further  informed,  that  by  means  of  this  organ  we 
“ can  perceive  the  tempers  and  difpofitions,  the  affedtions  and  paf- 
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lions,  of  our  fellow-creatures,  even  when  they  want  moft  to 
conceal  them  ? that  by  this  organ  we  can  often  perceive  what  is 
ftrait  and  crooked,  in  the  mind  as  well  as  the  body  : that  it  par- 
44  ticipates  of  every  mental  emotion,  the  fofteft  and  moft  tender,  as 
44  well  as  the  moft  violent  and  tumultuous  : that  it  exhibits  thefe 
44  emotions  with  force,  and  infufes  into  the  foul  of  the  fpeébator  the 
44  fire  and  the  agitation  of  that  mind  in  which  they  originate  ? To 
44  many  myfterious  things  muft  a blind  man  give  credit,  if  he  will 
^ believe  the  relations  of  thole  that  fee  ! his  faith  muft  exceed  that 
44  which  the  poor  fceptic  derides  as  Impofilble,  or  condemns  as 
44  abfurd. 

44  It  is  not,  therefore,  without  reafon,  that  the  faculty  of  feeing  is 
44  looked  upon  as  more  noble  than  the  other  fenfes,  as  having  forne- 
44  thing  in  it  fuperior  to  fenfation,  as  the  fenfe  of  the  underftanding, 
44  the  language  of  intelligence.  The  evidence  of  reafon  is  called 
44  feeing , not  feeling,  fmelling,  tailing,  ; nay,  we  exprefs  the  man- 
44  ner  of  the  divine  knowledge  by  feeing , as  that  kind  of  knowledge 
44  which  is  moft  perfect  in  ourfelvesT 
It  is  too  true,  that  we  do  not,  in  general,  know  the  real  value  of 
any  bidding,  until  we  are  deprived  of  it ; therefore,  let  us  hear, 
how  the  lofs  of  fight  is  pathetically  defcribed  by  Milton,  from  his 
own  feeling  : In  his  addrefs  to  the  Light  he  fays, 

44 1 feel  thy  fovran  vital  lamp  ; but  thou 
44  Revifirift  not  thefe  eyes,  that  roll  in  vain 
44  To  find  thy  piercing  ray,  and  find  no  dawn  ; 

44  So  thick  a * drop  ferene  hath  quench'd  their  orbs 
44  Or  dim  fuffufion  veil'd. — — 

* This  is  a literal  tranflation  of  the  Latin  words  gutta  fer  ena , a diieafe,  by  which  the  pa- 
tient is  deprived  of  fight,  though  to  a fpedtator,  the  eye  does  not  appear  to  be  injured ; becaufe 
the  feat  of  the  diforder  is  in  the  optic  nerve,  and  not  in  the  ball  of  the  eye.  This  was  Milton's 

;cafe* 


— — u Thus  with  the  )/rear 

sc  Seafons  return,  but  not  to  me  returns 

Day,  or  the  fweet  approach  of  evn  or  morn, 
u Or  fight  of  vernal  bloom,  or  fummer's  rofe, 

“ Or  flocks,  or  herds,  or  human  face  divine  ; 

“ But  cloud  inftead,  and  ever-during  dark 
cc  Surrounds  me,  from  the  cheerful  ways  of  men 
Cut  off',  and  for  the  book  of  knowledge  fair 
<£  Prefented  with  a univerfal  blank 
Of  Nature's  works  to  me  expung'd  and  ras'd  , 

“ And  wifdom  at  one  entrance  quite  fluit  out. 

The  Tranflator  concludes  this  fubjecf  in  the  words  of  the  fame 
great  Poet,  as  conveying  a fentiment,  which  a wife  man  muff  deem 
the  mofi  effectual,  if  not  the  only  real  confolation  under  fuch  an 
affliótion. 

“ So  much  the  rather  thou,  celeftial  Light, 

Shine  inward,  and  the  mind  through  all  her  powers 
Irradiate,  there  plant  eyes,  all  miff  from  thence 
“ Purge  and  difperfe,  that  I may  fee  and  tell 

“ Of  things  invifible  to  mortal  fight;" 

Milton’s  Paradife  Loft*  Book  III. 


On  the  internal  formation  of  an  Ox  s Tongue ; and  on  that  of  the  Heart , 

in  Animals , Fowls , and  Fijh . 


CERTAIN  profeffional  gentleman  of  my  acquaintance,  was 
urgent  with  me  to  examine  the  formation  of  a cat's  tongue,  but: 
•this  I deferred  from  time  to  time,  wifhing  rather,  to  inveftigate  the 
nature  of  the  human  tongue,  which  I thought  would  be  much  more 
worthy  of  examination  ; by  reafon,  that  it  mu  ft  neceflarily  be  pro™ 
vided  with  more  mufcles  than  the  tongues  of  animals  : for,  this 
will  appear  manifeft,  if  we  confider  how  many  various  motions  our 
tongues  muft  exert  in  fpeaking,  finging,  or  whi filing. 

Not  finding  an  opportunity  to  procure  an  human  tongue,  or  that 
of  a cat,  I began  by  examining  the  tongues  of  oxen,  cutting  from 
them  final!  pieces,  both  longitudinally  and  tranfverfely : and,  though 
I thought  that  a complete  description  of  the  whole  tongue  would 
take  up  too  much  time  and  labour,  I determined  to  give  a drawing 
of  the  fmall  mufcles,  and  point  out  how  they  are  clifpofed  longitu- 
dinally and  tranfverfely  ; for,  in  an  ox's  tongue,  the  number  of  them 
is  incredible,  and  in  this  defcription  will  be  leen,  not  only  the  won- 
derful formation  and  multitude  of  thefe  minute  mufcles,  but  alfo, 
we  ftiall  be  fully  fatisfied  with  regard  to  the  manner  in  which  the 
tongue  is  fometimes  extended  and  fometimes  contracted,  both  in 


breadth  and  thicknefs. 


In  Plate  VIII.  fig.  11. 
piece  of  an  ox’s  tongue, 


A B CDEF  G K Ï K L M,  reprefents  a fmall 
cut  off  from  the  fide,  in  that  part  where  the 
I i 
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tongue  was  thickeft.  In  this  fmall  piece  are  to  be  feen  various  mi- 
nute mufcles,  cut  tranfverfely,  which  are  reprefented  between 
BCKL,  and  DEHI;  and  among  thefe,  again,  there  appear 
many  exceedingly  minute  particles,  alfo  cut  tranfverfely,  which, 
by  reafon  of  their  fmallnefs,  could  by  no  means  be  reprefented  in 
the  drawing,  but  each  of  them  may,  in  faét,  be  confidered  as  a 
mufcle,  for  if,  by  the  microfcope,  we  were  to  diffect  the  before  men- 
tioned minute  mufcles,  we  fhould  find  them  compofed  of  fmaller  parts, 
like  a large  mufcle,  when  differed  and  viewed  by  the  naked  eye. 

Thefe  flefhy  mufcles,  thus  cut  tranfverfely,  conftitute  the  fub- 
itance  or  thicknefs  of  the  tongue  ; and  the  mufcles  pictured  at  the 
three  places  in  this  figure,  ABLM,  CDIK,  and  EFG  H,  which 
are  [hewn  iengthwife,  extend  along  the  tongue  from  end  to  end. 
And,  as  between  the  letters  BC  K L and  DEHI,  is  fhewn  how  the 
flefhy  mufcles  appear,  when  cut  tranfverfely,  fo  at  AB  LM,  CDIK 
and  E FGH  may  be  feen  their  figure  when  cut  longitudinally. 

All  thefe  flefhy  mufcles,  taken  together,  are  not  larger,  when 
viewed  by  the  naked  eye,  than  the  fmall  piece  or  particle  fhewn  at 

fig-  12. 

1 alfo  judged  it  right,  to  take  off  one  of  thefe  flefhy  mufcles,  length- 
wife,  and  to  caufe  a drawing  to  be  made  of  it,  to  exhibit  to  the  eye 
its  true  formation,  and  alfo,  as  nearly  as  poffible,  to  fhew  thereby, 
how,  in  the  motion  of  the  tongue,  thefe  mufcles  are  exerted,  and 
how  they  change  their  figure. 

Fig.  3,  NOPÖ,  reprefents  this  flefhy  mufcle,  which  I took  off' 
Iengthwife,  preferving  the  whole  of  its  thicknefs,  fo  that  none  of  its 
conftituent  parts  were  broken  off',  except  at  the  extremities  N O and 
PQ-  in  which  mufcle  feveral  bendings  are  to  be  feen. 

Now,  fuppofing  this  mufcle,  placed  Iengthwife  in  the  tongue,  to 
be  contracted  in  bendings,  we  muff  conclude,  that  the  tongue  then 
becomes  f horter  and  thicker,  and  the  mufcles  which  lie  acrofs  it,  are 
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then  perfectly  ftraight ; and,  that  when  the  animal  extends  its 
tongue,  this  flefhy  mufcle,  fig.  13,  NOPO,  and  all  the  others  which 
lie  lengthwife  in  the  tongue,  are  extended  and  become  ftraight,  and 
thofe  mufcles  which  lie  acrofs  the  tongue  are  then  infleéled  or  bent 
in  like  manner  as  reprefented  in  the  former  mufcle  at  fig.  13,  N O P Q. 

When  this  mufcle  had  flood  three  months  before  the  microfcope, 
it  became  covered  with  a fort  of  mouldinefs,*  which,  bearing  a re- 
femblance  to  fmall  flowers,  I direéled  the  limner  to  imitate  them 
as  nearly  as  poftlble  in  his  drawing,  and  they  are  to  be  feen  at 
RRRRRRR. 

The  flefliy  mufcles,  which  in  fig.  1 1 , appear  cut  tranfverfely, 
are,  in  the  part  lying  between  BCKL,  four  diftinél  and  feparate  muf- 
cles, and,  in  the  fpace  between  DEHI,  fix  of  the  fame  kind,  all  of 
them  diftinél  from  each  other.  The  parts,  or  fpaces  between  them 
in  the  figure,  are  no  other  than  membranes,  and  particles  of  fat, 
lying  within  thofe  membranes.  For,  Ineverfaw  in  luch  a mufcle  as 
is  exhibited  in  fig.  13,  NO  P O,  any  vein,  nor  any  detached  particle 
of  fat,  but  every  one  of  thefe  kind  of  mufcles,  as  far  as  I have  hither- 
to obferved,  is  always  enveloped  in  a membrane,  and,  if  the  ox  is 
a very  fat  one,  particles  of  fat  will  be  feen  in  the  membrane. 

It  fliould  be  remembered,  that  every  one  of  thefe  mufcles 
muft  have  its  tendon,  or  terminate  in  a membrane  which  conftitutes 
a tendon,  and  not  only  fo,  but  every  oblong  flefhy  particle,  of  which 
each  fuch  mufcle  confifts,  and  which  appear  in  fig.  13,  NOPQ,  muft 
alfo  be  provided  with  a tendon,  or  terminate  in  a membrane  as  be- 
fore mentioned,  and  all  thefe  tendons  and  membranes  (in  my  judg- 
ment) do,  together,  conftitute  that  part  which  many  take  only  for 
an  inner  fkin,  which  inner  fkin,  or  rather  mufcular  part,  covering  the 
tongue  all  over,  is  defended,  as  it  were,  by  a thick  external  fkin : 


* The  feme  appearance  is  noted  by  the  author,  when  treating  of  the  young  plant  in  the 

Coffee-bean. 
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this  latter  fkin  is  ealily  taken  off  when  a tongue  has  been  boiled,  or 
has  lain  feme  time  in  hot  water. 

This  difpofition  of  the  mufcles  in  the  tongue  is  wonderful,  and  the' 
manner  of  their  aéfing  inconceivable  by  us,  and  (fill  more,  with  re- 
gard to  the  human  tongue,  when  we  confider  the  variety  of  ways  in 
which  the  mufcles  muff  move  and  turn,  to  produce  the  effect  of 
fpeaking,  hinging,  and  whiffling,  as  before  obferved. 

The  exertions  of  the  fie  dr  y mufcles  in  the  tongue,  are  chiefly  pro- 
duced by  their  affuming  a ftraight  figure,  or  by  being  inflected  or 
bent,  contrary  to  the  manner  of  the  fiefhy  mufcles  in  other  parts  of 
the  body,  (as  far  as  has  come  to  my  knowledge)  for  their  contrac- 
tion and  extenfion,  is  produced  by  means  of  the  multitudes  of  excef- 
fively  minute  wrinkles  or  crimped  up  particles,  of  which  each  mufcle 
confifts. 

After  this,  I curlorily  examined  the  tongue  of  an  hog,  to  fee,  whe- 
ther in  it,  the  fiefhy  mufcles  were  intermixed  or  laid  one  acrofs  an- 
other, in  the  fame  manner  as  I have  deferibed  in  the  tongue  of  an 
ox  : this  I find  infpected  in  the  thickeff  part  of  the  tongue,  on  the 
upper  fide,  where  it  rifes  in  a ridge  like  a back  ; and,  I faw  not  only, 
that  the  mufcles  were  difpofed  in  the  fame  manner  as  the  ox's,  but 
that  forne  few  of  thofe  which,  lay  the  lengthway  of  the  tongue,  in  fome 
places  crofted  each  other  ; the  tranfverfe  mufcles  were  the  fame  as 
in  the  ox's.  Searching  farther  inward  into  the  thickeff  part,  I there 
faw  many  fiefhy  mufcles  lying  parallel  to  each  other,  lengthways  in 
the  tongue  ; but  no  others  lying  athwart  or  eroding  them.  I alfo 
bellowed  fome  invefligation  on  the  thinner  parts  of  this  tongue,  with- 
out finding  any  thing  worthy  of  note. 


I have  often  employed  my  thoughts,  on  the  formation  of  the  fiefhy 
part  in  the  hearts  of  animals  ; not  particularly  to  inveftigate  the  courle 
of  the  fiefhy  mufcles,  which  I doubt  not,  has  been  lufficiently  ex- 
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amined  and  explained  by  others.  And,  though  I determined,  if  I fhoiild 
obferve  any  thing  particular  in  that  part  of  the  fubjeót,  to  commit  my 
remarks  to  writing,  yet , my  principal  object  was,  to  inveftigate  the 
formation  of  the  very  fmalieft  flefhy  mufcles,  and  to  examine  wlie- 
ther  any  thing  might  be  found  therein  worthy  of  note. 

For  this  purpofe,  1 took  the  heart  of  a fheep,  but,  with  all  my 
pains,  I could  not  fucceed  in  Separating  or  taking  off'  any  flefliy 
mufcle  like  that  defcribed  at  fig.  13,  NOPO,  for,  in  the  operation, 
it  was  fo  tom,  and,  fo  many  of  the  adjoining  parts  adhered  to  it, 
that  I could  not  then  fatisfy  myfelf  as  to  the  true  formation  of  fuch 
mufcle  ; nor  with  regard  to  the  union  or  connexion  between  it  and 
the  adjoining  parts. 

After  this,  I tried  the  heart  of  an  ox,  cutting  off' many  pieces,  and 
contriving  every  poffible  means  I could  devife,  to  feparate  a fmall 
ftrip  or  oblong  particle  from  the  adjoining  parts,  but  all  to  no  pur- 
pose ; and,  at  length,  1 found,  that  thefe  flefhy  particles  were  fo 
linked  together,  that  it  would  be  impoffible  to  fever  them  without 

breaking. 

o 

This  concatenation,  or  linking  together  of  the  flefhy  parts,  (which 
parts,  in  treating  of  the  tongue,  I have  called  minute  flefhy  mufcles ) 
in  the  fubftance  of  the  heart,  is  of  fuch  a nature,  that,  at  firft,  Ï 
defpaired  of  being  able  to  reprefent  it  to  the  eye  by  any  figure  or 
drawing  ; but  at  length,  1 fo  far  Succeeded,  as  to  exhibit  a represen- 
tation thereof  to  the  reader. 

In  thefe  experiments,  I tried  the  heart  of  a duck,  in  order  to  fee 
whether  its  formation,  and  particularly  this  union  of  the  parts,  agreed 
with  that  of  an  ox  ; and  I found,  that  the  flelhy  parts  in  the  duck's 
heart,  were  linked  together  in  the  fame  manner  as -in  that  of  the  ox  ; 
and  not  only  fo,  but  that  I could  better  give  a reprefentation  of  fuch 
concatenation  or  linking,  from  the  heart  of  the  duck,  than  from  any 
of  the  other  Subjects  I had  examined  : and  thereupon,  I delivered  to 
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the  Limner  a microfcope,  before  which  was  placed  an  exceeding 
fmall  piece  of  the  flefhy  part  of  a duck's  heart,  directing  him  to 
make  as  accurate  a drawing  as  poflible,  of  the  objeót  which  prefented 
itfelf  to  him. 

Fig.  14,  ABCDEFGH1KLM,  reprefen ts  this  minute  particle 
magnified,  in  which  may  plainly  be  leen,  not  only  how  every 
fingle  flefhy  particle  is  united  or  linked  to  the  adjoining  one,  but 
alfo,  how  all  the  flefliy  particles,  fhewn  in  this  figure,  are  con- 
nected, chained  or  linked  together. 

As  to  the  vacant  fpaces  appearing  in  this  figure,  two  of  which 
may  be  feenatBCD,  and  HNI,  we  mud  not  fuppofe,  that  the 
flefliy  parts  are  fo  far  afunder  as  the  drawing  reprefents,  for  I am 
fully  perfuaded,  that,  when  the  heart  is  in  its  natural  ftate,  all  the 
flelhy  particles  of  which  it  confifts,  are  fo  clofe  to  each  other,  that 
nothing  but  an  exceeding  thin  membrane  intervenes,  within  which 
membrane  the  blood-velfels  take  their  courfe  ; and  there  alfo,  may 
fometimes  be  feen  particles  of  fat,  elpecially  where  the  blood  veflels 
are  larger  than  ordinary. 

Farther,  I always  obferved,  not  only  in  the  hearts  of  an  ox  and 
theep,  but  alfo  in  that  of  a duck,  all  the  flefhy  particles,  which, 
when  del-bribing  them  in  Jig.  13,  I have  called  mufcles,  but  which 
I cannot  here  call  by  that  name,  becaufe  they  are  not  enveloped  by 
membranes  peculiar  to  themfelves  ; thefe  particles,  I fay,  which 
in  fig.  4,  are  exhibited  at  LM  or  AB,  I found,  again  to  confift  of 
great  numbers  of  Bender  oblong  particles,  which  often  feparated 
from  each  other,  and  at  little  di fiances  united  with  other  particles  : 
but  thefe  fmaller  particles  are  not  reprefented  in  the  figure,  becaufe 
they  had  become  fo  dried,  as  not  to  be  vilible  to  the  Engraver. 

We  may  now  figure  to  ourfelves,  that  the  particle  of  flelh,  which 
Jig.  4,  exhibits  at  A B,  again  confifis  of  an  hundred  and  more  oblong 
particles,  and,  that  a little  above  A B,  they  are  divided  into  four 
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parts,  and  thefe  parts,  again  united  with  other  flefhy  particles. 
But  how  often  this  reparation  and  reunion  of  parts  take  place,  and 
what  courfe  the  particles  themfelves  take,  I have  not  yet  been  able 
to  difcover. 

Each  of  thefe  feveral  flefhy  parts,  of  which  only  two  are  exhi- 
bited in  fig.  4,  at  BCD,  and  FIN  I,  were  covered  with  broken  and 
tom  fragments  of  other  parts,  but  thefe  I directed  the  Limner  not 
to  delineate,  that  the  concatenation,  or  the  manner  in  which  the  par- 
ticles are  linked  together,  might  be  better  diftinguilhed. 

After  I had  caafed  the  before  mentioned  drawing,  fig.  14,  to  be 
made,  I again  examined  various  flefhy  particles  in  the  heart  of  a duck, 
and,  while  I was  thus  employed,  I met  with  one  fmall  piece,  in 
which  I was  convinced,  that  the  concatenation  or  linking  together  of 
the  parts,  would  be  ftill  more  diftinétly  feen.  This,  being  placed 
before  a microfcope  of  fomewhat  lefs  magnifying  power,  I delivered 
to  the  Limner  to  make  a drawing  of. 

Fig.  15,  ABCDEFGH,  is  this  piece  of  a duck's  heart,  in  which, 
more  plainly  than  before,  can  be  feen  the  nature  of  its  formation, 
which  will  appear  ftill  more  wonderful,  if  we  confider,  as  the  truth 
is,  that  the  connection  or  linking  together  of  the  parts,  in  the  particle 
which  this  fig.  15,  repre  fonts,  was,  in  the  fubjeél  itfelf,  thrice  as  much 
as  here  expreffed ; for,  I could  not  feparate  a piece  of  this  fize  from 
the  heart,  without  tearing  afunder  twice  as  many  parts  or  points  of 
union  as  are  here  exhibited.  This  particle  was  taken  from  alrnoft  the 
outlide  of  the  heart,  and,  that  part  which  in  the  figure  is  marked 
ABCD,  was  fituated  pointing  towards  the  fmall  end  or  tip  of  it. 

In  order  to  fhew  the  true  dimenfions  of  the  particle  reprefented, 
in  this  laft  figure,  I meafured  it,  and  found,  that  the  whole  length  ihewn 
in  the  figure,  between  the  letters  EFGH,  was,  in  its  natural  fize,  not 
more  than  two  third  parts  of  the  breadth  or  thicknefs  of  that  part 
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which,  in  the  figure,  appears  between  the  letters  G and  H,  or,  the 
fize  pictured  at  X, 

Seeing  now,  that  this  fiefhy  particle,  though  not  in  fa 61,  larger 
e fpace  between  G and  H,  or  at  X,  does  yet  conii  ft  of  more 
than  an  hundred  diftinCt  oblong  particles,  as  I can  affirm  from  the 
mofi  exaól  computation  of  my  own  view,  and,  that  this  is  not 
only  the  cafe,  in  the  heart  of  a cluck,  but  alfo  in  that  of  an  ox  ; and 
moreover,  that  each  of  thofe  {lender,  oblong,  component  particles, 
again  con  fills  of  a great  number  of  exceffively  minute  particles,  we 
lliall  more  and  more  be  ftruck  with  wonder,  at  this  formation  of  the 
heart.  And  who  can  tell,  into  how  many  final]  particles,  entirely 
iindifeoverable  by  us,  thefe  laft  named  particles  may  be  again  divided  ? 

We  find,  that  in  the  common  raufcles  of  the  body,  thofe  fmall 
muiciilar  parts,  which  conftitute  a large  rnufcle,  may  be  feparated 
from  the  larger  one,  often  without  tearing  the  oblong  fiefhy 
parts  which  compofe  it,  nothing  being  broken,  except  the  thin  mem- 
brane with  which  the  fmall mufcular  parts  are,  as  it  were,  enveloped: 
for,  all  thole  bender,  oblong,  fiefhy  parts,  lie  difpofed  in  regular  pa- 
rallel order,  befide  each  other;  and,  at  their  extremities,  are  united 
to  a membrane  which  furrounds  the  rnufcle,  or,  rather,  forms  the 
tendon  of  that  mufcle,  which  in  fact  the  membrane  does  : hence  we 
may  eafily  comprehend,  that,  when  any  part  of  a common  mufcle  is 
wounded,  the  part  which  remains  uninjured,  may  (till,  in  fome  de- 
gree, perform  its  functions  ; becaufe,  as  I have  before  laid,  the  fmall 

mufcles  which  compofe  a larger  one,  are  only  connected  by  a kind  of 
membrane  : but,  on  the  contrary,  when  any  one  particle  in  the 
fiefhy  fubftance  of  the  heart,  luch  as  is  represented  in  Jig\  1 5 at 
ABC  XX  or  any  oilier  particle  though  much  more  minute,  is  wounded, 
the  whole  iriefh  or  fubftance  of  tSie  heart,  (by  reafon  of  the  intimate 
union  of  its  parts)  not  only  fullers,  but,  through  the  violent  and  con- 
tinual agitation  of  the  heart,  in  the  protrufion  or  expelling  the  blood 
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in  circulation,  it  becomes  weaker,  and,  from  fo  fmall  a wound,  death 
mult  enfue.  Moreover,  when  I confider,  how  often  we  find  a fmall 
exulceration  or  fore,  in  the  hand,  linger,  or  other  part  of  the  body,  of 
which  we  cannot  perhaps  trace  the  caule,  I can  eafily  conceive,  that 
a fmall  exulceration  may,  by  fome  accident,  happen  in  the  heart, 
whereby  fome  of  the  flefhy  particles  may  be  injured,  or  rendered 
incapable  of  performing  their  funétions  ; whence  the  heart  not  only 
languifhes,  and  becomes  feeble,  but,  at  length,  may  ceafe  to  move, 
whence  fudden  death  enfues  : and  the  Phyfician,  not  knowing  the 
real  caufe,  is  led  to  pronounce,  according  to  the  common  opinion, 
that  the  perfon  died  of  an  apoplexy.  Tbefe  are,  however,  no  more 
than  my  own  conjectures. 

From  what  I have  advanced,  it  may  naturally  be  concluded,  that 
I fhall  farther  lay  it  down  as  a certain  pofition,  that  the  heart  cannot 
buffer  any  wound,  without  certain  and  immediate  death  being  the 
conlequence  : this,  however,  is  not  my  opinion,  in  all  cafes  whatso- 
ever. For,  we  know,  that  there  are  many  veins  between  the  flefhy 
parts  in  the  infide  of  the  heart,  which  take  their  courfe  from  thence, 
and  unite  with  the  blood  veflels  furrounding  it  on  the  outfide ; which 
blood  veflels,  are,  throughout,  and  efpecially  on  the  outfide  of  the  heart, 
covered  with  fatty  particles  ; lb  that  there  maybe  inftances,  where  the 
very  extremity  or  point  of  a fword,  may  penetrate  into  the  heart  it- 
felf,  but,  being  in  a part  where  thole  veins  and  particles  of  fat  lie, 
none  of  the  flefliy  particles  of  the  heart  may  be  injured,  and  the  vein 
and  fatty  particles  alone  receive  the  wound,  together  with  the  exter- 
nal membrane  furrounding  the  heart : hence  it  will  follow,  that  fud- 
den  death  may  not  in  Inch  a cafe  enfue. 

After  this,  I examined  the  heart  of  a hen,  in  which  alfo,  not  with- 
out pleafure,  Ï faw  the  concatenation  or  linking  of  the  flefliy  parts, 
to  be  exactly  the  fame  as  in  the  other  hearts  I have  mentioned. 

This,  however,  I obferved  in  the  hen's  heart,  that,  when  cutting 
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it  longitudinally,  there  appeared  fome  difference  in  the  formation, 
for,  whereas  the  cavity  in  the  hearts  of  oxen  and  fheep,  is  provided 
with  a tendon  ; on  the  contrary,  here,  inftead  of  the  tendon,  1 
found  various  flefhy  parts,  with  their  ramifications,  fpread  over  the 
cavity  of  it.  Whereupon,  I began  to  reflect  on  the  great  exertion, 
which  birds  are  obliged  to  ufe  in  flying,  and  how  little  they  are  fati- 
gued, even  after  taking  a long  flight.  But,  to  fay  any  thing  fatisfac- 
torily  on  this  head,  many  previous  obfervations  ought  to  made. 

Afterwards,  I examined  the  heart  of  a cod  fifh,  and  found  its  com- 
ponent parts  linked  together  in  the  fame  manner  as  I have  defcribed 
thofe  of  the  other  animals,  and  of  the  duck,  to  be  : but  when  1 re- 
flected on  the  circulation  of  the  blood  through  this  heart,  (which  ap- 
peared more  of  a flefhy  than  a fifhy  nature)  and  confidered,  how  the 
blood  is  propelled  from  it,  into  a white  body,  in  folidity  or  denfity 
nearly  equal  to  the  heart,  whofe  particles  are  linked  together  in  the 
manner  I have  defcribed,  and  to  how  great  a degree  thefe  particles 
upon  the  infufion  of  the  blood  mult  be  extended,  and  how  contracted 
in  its  propulfion,  I was  more  and  more  loft  in  admiration. 


On  the  eye  of  a Whale , ivith  the  Author  s obfervations  on  the  preffure  of 

the  fea-water  at  great  depths . 

T HE  mafTer  of  one  of  our  Greenland  fliips,  by  name  Ifaac  van 
Krimpen , upon  a certain  time,  made  me  a prefent  of  the  eye  of  a 
Whale,  preferved  in  fpirits  of  wine.  This  eye  was  not  of  a perfeftly 
fpherical  figure,  for  its  axis,  in  the  thickeft  part,  was  two  inches  and 
feven-tenths  of  an  inch  in  length,  and  the  axis  in  the  thinned:  part 
was  not  longer  than  two  inches  and  an  half. 

That  part  of  the  tunica  cornea  in  front  of  the  eye,  which  rifes  in  a 
globular  protuberance,  was  two  inches  and  an  half  in  diameter. 

The  cryftalline  humour  was  not  quite  of  a circular  figure,  as  we 
generally  find  it  to  be  in  fillies  ; but  on  one  fide,  its  fhape  was  feme- 
what  cleprefied,  and  the  axis  thereof  meafured  feventeen  thirtieth 
parts  of  an  inch,  but  the  axis  of  that  part  which  was  extended  to- 
wards the  object  of  vifion,  was  about  half  an  inch  in  length. 

The  cavity,  wherein  the  cryftalline  humour  is  included,  was  al- 
rnoft  two  inches  diameter.  The  fubftance  conftituting  the  furface  of, 
and  furrounding  that  cavity,  was  fo  compact  and  ftrong,  that  I 
was  fearcely  able  to  cut  it  with  a very  (harp  knife. 

Oblerving  this,  I began  to  confider,  whether  the  nature  of  this 
fifii  did  not  require,  that  the  fubftance  inclofing  the  cryftalline  hu- 
mour, fhould  be  fo  hard  and  folk!  ; becaufe  a Whale  fometimes  dives 
to  great  depths  in  the  ocean,  and,  as  the  full  under  confideration, 
had  run  out  the  length  of  fourteen  whale  lines,  each  of  which  is 

Kk  2 


( °6Ö  ) 

an  hundred  fathoms  long ; and,  in  this  depth  of  fea,  the  preflure 
of  water  on  the  bottom,  is  much  greater  than  is  commonly  ima- 
gined. 

For,  fuppofing  the  ocean,  in  any  given  place,  to  be  1400  fathoms 
deep,  and  each  fathom  to  contain  fix  feet,  which  is  the  common 
meafure,  it  follows,  that  the  ocean  is,  in  Inch  a place,  8400  feet  deep. 

It  is  well  known,  that  a cubic  foot  of  water,  fuch  as  is  found  in  our 
canals,  weighs  65  pounds,  but  that  the  fame  quantity  of  fea  water, 
being  in  its  nature  heavier,  does  not  weigh  lefs  than  66~  pounds  ; 
but  taking  it  only  at  66  pounds,  the  refult  will  be,  that  every  cubic 
foot  of  fea  water,  where  the  ocean  is  8400  feet  deep,  does  prefs  on 
the  bottom  with  the  weight  of  554,400  pounds.  And,  with  regard  to 
the  whale  lines,  which  I have  faid  are  100  fathoms  long,  I am  told 
that  they  are  more  commonly  120  fathoms,  which  gives  a depth  of 
16,080  feet. 

The  fame  Captain  Krimpen,  in  a fubfequent  converfation  informed 
me,  that  this  Whale,  having  run  out  the  length  of  fourteen  lines,  lay 
on  the  fandy  bottom  of  the  fea  at  that  depth,  from  whence  it  was 
weighed  up  or  raifed  by  means  of  the  windlafs,  and  he  added,  that  he 
fhould  not  have  fucceeded  in  getting  up  this  fifh,  unlefs  the  line, 
which  by  the  harpoon  iron  was  fixed  in  it,  had  alfo  got  a turn 
or  two  round  the  tail,  by  which  means,  the  Whale  was  brought  up 
to  the  furface,  the  tail  foremofh 

The  weighing  up  this  Whale,  was  at  fir  ft  fo  difficult  and  laborious, 
that  fix  men  at  leaft,  were  neceflarily  employed  in  heaving  at  the 
windlafs,  and  no  lefs  than  fix  hours  were  fpent  in  the  operation. 
But,  when  all  the  lines  fave  one,  were  hove  in,  the  labour  became  as 
nothing  ; for  which  latter  circumftance,  I affigned  to  Krimpen,  this 
twofold  reafon,  that  the  preflure  of  the  water  on  the  Whale  was  then 
greatly  diminilhed  ; and,  that  the  fifh  abounding  with  oily  or  fatty 
parts,  which  are  lighter  than  water,  would  have  a tendency  to  be 
buoyant,  1 
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Let  us  now  fuppofe,  the  eye  of  this  Whale,  in  that  part  of  it  which 
was  expofecl  to  the  fea  water,  to  contain  fix  fquare  inches  in  its  fu~ 
perficies,  we  may  juftly  fay,  that  when  the  fifh  defcended  to  the 
depth  of  lea  we  have  mentioned,  the  prefiure  on  its  eye  muil  be 
equal  to  23100  pounds  weight.  For,  fix  fquare  inches  are  the 
twenty-fourth  part  of  a fquare  foot,  and,  if  the  prefiure  on  a fquare 
foot,  at  the  before  mentioned  depth,  is  554,400  pounds,  it  follows, 
that  the  twenty- fourth  part,  will  fuftain  a prefiure  of  23100  pounds, 
which  is  one  ton,  fix  hundred,  and  a quarter  of  a hundred  weight. 

Seeing  then,  that  fix  fquare  inches  of  fpace,  at  the  bottom  of  the 
fea,  where  it  is  8400  feet  deep,  do  endure  a pre fibre  of  water  equal 
to  23100  pounds  weight,  it  is  no  wonder  that  the  fea  in  the  Bay  of 
Bifcay  is  not  to  be  fathomed  by  the  lead.  For,  if  the  fea  water,  at 
the  depth  we  have  mentioned,  pre  lies  on  the  bottom  with  the  weight 
we  have  computed,  it  follows,  that  in  forne  parts  of  the  ocean,  which 
are  at  leaft  eight  times  that  depth,  the  prefiure  mu  ft  be  eight  times 
as  much. 

Hence  we  may  fairly  infer,  that  a weight,  although  of  lead,  fuch  as 
that  which  feamen  call  the  deep-fea  lead,  cannot,  where  the  depth  is 
fo  very  great,  touch  the  bottom,  or  at  leaft,  not  in  a manner  to  be 
perceptible,  not  only  on  account  of  the  very  great  prefiure  on  the 
lead,  but  alfo,  on  account  of  the  much  greater  prefiure  on  the  lead- 
line, by  reafon  of  its  great  length,  which  line  itfelf  is  not  much 
heavier  than  the  fea  water  ; fo  that  the  prefibre  may  very  naturally  be 
fuppofed  to  prevent  the  lead  reaching  the  bottom.  Again,  it  mutt  be 
confidered,  that  the  ocean,  though  no  current  may  be  vifible  on  its 
furface,  yet  is  never  at  reft ; fo  that  though  the  lead,  when  call, 
feems  to  fink  ftraight  downwards,  yet  it  may  be  carried  away  by 
fome  fubmarine  current,  far  from  the  man  who  heaves  it,  and  the 
line  may  be  bent  and  twilled  many  ways,  by  all  which  means,  in 
fuch  great  depths,  the  lead  may  be  prevented  from  reaching  the  bot- 
tom, But  to  return, 
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The  cryftalline  humour  in  this  eye,  was  fo  clofely  joined  to  the  tu- 
nica cornea,  as  to  force  it  out  into  a kind  of  globular  extuberance  or 
riling,  which  appearance  feemed  very  ftrange  to  me,  having  never 
obferved  the  like,  in  any  fifh  or  animal. 

1 took  off  a piece  of  the  tunica  cornea,  rather  more  than  an  inch  in 
diameter,  and,  after  leaving  it  a while  to  dry,  I cut  it  by  an  oblique 
incifion  into  dices,  in  order  to  count,  with  greater  facility,  the  num- 
ber of  thin  membranes  of  which  it  was  compofed,  and  I found,  that 
it  conlifted  of,  at  lead  fix  teen  or  eighteen  of  thofe  thin  membranes, 
laid  one  on  another. 

This  tunica  cornea,  was  lined  on  its  infide,  with  a black  membrane, 
every  where  entirely  impervious  to  the  light,  excepting  an  oval  aper- 
ture immediately  in  front  of  the  cryftalline  humour,  through  which 
the  light  was  tranfmitted ; this  alfo  was  to  me  an  unufual  appear  - 
ance. This  oval  aperture  was  in  length  half  an  inch,  and  in  breadth 
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fomewhat  lefs  than  a quarter  of  an  inch. 

From  this  laft  observation,  a thought  occurred  to  me,  whether  the 
whale  has  not  a power  of  enlarging  and  contracting  this  aperture  at 
. pleafure,  fo  as  to  alter  the  manner  of  its  vifion,  as  occafion  may  re- 
quire. The  fame  power  of  dilating  and  contracting  the  pupil,  I re- 
member to  have  obferved  in  the  eyes  of  a cat. 

I then  employed  myfelf,  to  extract  the  membrane  which  covers 
tire  back  part  of  the  eye,  and  to  examine  the  optic  nerve  ; this  I 
found  to  be  no  larger  than  the  optic  nerve  in  the  eye  of  an  ox,  but 
I noted  this  lingular  circumftance  attending  it,  that  in  many  places, 
and  Ï eafily  counted  as  far  as  twenty  five  of  them,  I law  adhering  to 
the  membrane,  arteries  and  nerves,  which  ilfued  from  the  part 
through  which  the  optic  nerve  pafles.  Some  of  thefe,  were  about 
the  fize  of  a common  pin,  others  much  larger. 

Thefe  are  the  matters,  which  appeared  to  me  worthy  of  note  on  this 
occafion,  though,  if  it  were  poftible  to  obtain  the  eye  of  a Whale  when 
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newly  taken  out  of  the  head,  I doubt  not,  that  our  enquiries  might  be 
profecuted  much  farther,  and  that,  consequently,  greater  Satisfaction 
might  be  procured  in  the  inveftigation. 

If  we  confider  the  propagation  of  the  Whale,  by  comparison  with 
that  of  the  fmaller  fill),  we  (hall  be  led  to  admire  the  wife  difpofition 
of  Nature  in  this  relpeCL  To  inftance  in  the  common  fhrimp  ; every 
one  of  them  may  be  denominated  a female,  for  they  all,  without 
exception,  propagate  their  fpecies  by  eggs  ; and  that,  in  Inch 
numbers,  that  once,  when  I began  to  count  the  eggs  on  one 
llrrimp,  I had  not  got  half  way  through  the  mafs  of  them,  before  I 
was  tired,  and  gave  up  the  attempt.  Such  a vaft  number  of  eggs, 
produced  by  one  fmall  filh  is  wonderful,  efpecially  if  we  confider, 
that  every  one  of  thefe  minute  eggs  is  nourifhed  by  a blood  vellek 
Now  the  larger  filh,  which  devour  the  fmaller,  fuch  as  the  Whale, 
the  porpoife,  and  the  fword  filh,  are  not  propagated  by- eggs,  but 
bring  forth  their  young  perfectly  formed  , for  if  thefe  kind  of  filh 
increafed  lb  abundantly  as  the  others,  the  fmaller  filh  would  every 
one  be  devoured  by  them*  The  Whale  in  particular,  brings  forth 
only  a Angle  young  one  at  a time,  and  is  provided  with  two  breads 
filled  with  milk,  and  buckles  the  young,  after  the  manner  of  terres- 
trial animals. 

I have  Sometimes,  when  reflecting  on  the  enormous  bulk  of  thofe 
Whales  which  were  taken  at  the  beginning  of  the  Whale  filhery,  and 
on  thofe  huge  bones  of  Whales,  which  are  in  many  places  fixed  up 
for  public  view  ; I have,  I fay,  on  thefe  occafions,  conjectured,  that 
probably  thofe  Whales  might  be  of  the  age  of  a thoufand  years  and 
upwards.  For  I am  perfuaded,  that  fillies  never  die  of  old  age,  for» 
afmucli  as  their  bones,  being  always  of  a foft  texture,  which  never 
grows  hard,  may  always  be  extended,  fo  that  the  filh  themfelves 
are  always  growing  larger.  But,  terreftrial  animals  are  expofed  to 
the  changes  of  the  atmofphere,  whereby  their  bones  grow  hard,  and 
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when  the  bones  are  hardened,  the  body  of  the  creature  cannot  be  ex- 
tended to  a larger  fize. 

Having  once,  with  the  affi fiance  of  an  able  geometrician,  and  by 
the  eye  with  the  help  of  quadrants,  mea fared  the  height  of  the  tower 
of  our  new  church  in  Delft,  we  found  it  to  be  2 gg  feet.*  So  that  the 
depth  of  the  fea,  to  which  the  Whale  I have  mentioned  descended, 
was  twenty-fix  times  as  much  as  the  height  of  that  tower. 

* The  London  reader  will  be  better  able  to  judge  of  tbefe  altitudes,  (the  word  altitude 
taken  in  the  fenfe  of  the  Latin,  altitudo , from  which  it  is  derived,  fignifies  both  height  and 
depth)  by  comparing  them  with  the  Church  of  St.  Paul’s  or  the  Monument:  the  former  of 
thefe  is  about  500  feet  in  height,  and  the  latter  200  ; fo  that  if  we  call  the  height  of  the  ftecple 
at  Delft  300  feet,  the  Church  of  St.  Paul’s  is  two  thirds  higher,  and  the  Monument  one 
third  lower  than  that  fteeple.  And  the  depth  of  fea  from  whence  the  Whale  was  raifed,  was 
equal  to  forty-two  times  the  height  of  the  Monument,  and  more  than  fixteen  times  the  height 
of  St.  Paul’s. 
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